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ABSTRACT 


In the past many attempts have been made to cross the red and yellow flowering 
Delphinium species with cultivars of D. elatum. The poor results however are an indi- 
cation that for this combination there is a cross barrier, the more so as both artificial 
and natural species hybrids in the genus Delphinium occur frequently. This is con- 
firmed by the present investigations and the data obtained show that the barrier in the 
first instance is due to a difference in chromosome number between the diploid species 
and tetraploid cultivars. When the diploid parent plants have been made tetraploid by 
means of colchicine, a second barrier appears to exist for some crosses in one given 
direction. 


Re A HeLEGRO 


It has been shown that hybridization of red-flowering D. cardinale tetra and D. 
nudicaule tetra with D. elatum cv. offers few prospects for Delphinium breeding; how- 
ever, the species hybrid D. nudicaule X cardinale tetra (as @) is more promising. In the 
latter case of these threefold species crosses fertile progenies have been obtained pro- 
ducing the desired combinations orange and ‘red’ combined with large and semi- 
double flowers. 

Although nothing can be said as yet of the hybrids of D. elatum cv. and the yellow 
flowering D. zalil tetra, produced in 1960, the introduction of the yellow flower colour 
via crosses with D. zalil X cardinale tetra is not possible on account of sterility of the F,. 

Apart from twofold species hybrids, attempts to obtain threefold and fourfold spe- 
cies crosses along mutually different lines have also been successful. 


1. INTRODUCTION 


The genus Delphinium has been cultivated in Western Europe for a long time: as far 
back as 1640 J. PARKINSON had the so-called Delphinium elatius flore plena in culture. 
Yet, although the genus comprises 300 species (21), no more than 3 species are com- 
monly grown nowadays in floriculture, namely D. ajacis, D. elatum and D. nudicaule. 
Besides these, two hybrid species, viz. D. belladonna and D. ruysii are of some im- 
portance. By far the most important however is D. elatum, from which some years ago 
a list of 4,000 named cultivars, from 211 different breeders and growers was published 
(12) and this number is increasing every year. 

This large number of cultivars may give the idea that there is a wide variation in D. 
elatum, the hardy perennial, which has been used so many years as a garden plant. In- 
deed there is, but although there are all kinds of colour shades and tints and colour 
combinations of the calyx and the corolla (the so-called bee) no other hues than white, 
blue and violet are present. Yellow, orange and red are missing. Yet these hues are 
present in the genus. D. zalil from Pakistan and Persia is of a brilliant sulphur-yellow, 
D. nudicaule (California) has more or less orange, and D. cardinale (California) scarlet 
florets. During the last half century investigators and breeders set themselves to intro- 
duce the missing hues into the Delphinium elatum assortment by crossing the above 
species as well as others with the latter one. Their results will be mentioned below. 

Since these results were very poor until 1953, the present author started in the same 
year the study of the hybridization possibilities in the genus Delphinium at the Wage- 
ningen Horticultural Laboratory. The purpose was to introduce the orange, red and 
yellow colours into the present D. elatum assortment. Besides, attention was paid to 
the possible re-synthesis of D. ruysii, the improvement of cut flower qualities, mildew 
resistance and toughness of the stems. 


2. CHROMOSOMES 


Few of the many species have been investigated cytologically. LAWRENCE (3) records 
19 species, PROPACH (9) 12, and 40 German cultivars, Lewis et al. (6) list 22 North 
American ones, different from the former except one, whereas DARLINGTON and 
WYue (1) give a survey of 21, only partly different from the above species. Among 
them there are the following, which will be mentioned further in this paper: 
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D. ajacis Bn D. moerheimii _2n — 24 
D. belladonna 2n — 48 D. nudicaule 2nrsl6 
D. californicum 2n —= 16 D. parishii 216 
D. cardinale Di il D. parryii Hir KG 
D. consolida 26 D. patens 26 
D. decorum 26 D. recurvatum _2n = 16 
D. elatum Int i32 D. ruysii In — 32 
D. grandiflorum _2n — 16 D. tatsiense 2nr=l6 
D. gypsophilum 2n —= 16 D. trollifolium _2n — 16 
D. hansenii Zn l6n32 D. uliginosum _2n —= 16 
D. hesperium 2n= 16 D. variegatum _2n — 16, 32 
D. lamartinti 2n 48 D. zalil 2n = 16 


The chromosome numbers of D. ajacis, D. cardinale, D. elatum, D. nudicaule, D. 
ruysii and D. zalil have been verified in meiosis and mitosis by the author and found to 
be correct. The countings have been made in either squash preparations of buds, 
stained in acetocarmine, or of root tips, stained with 1. basic fuchsin after FEULGEN, in 
both cases without fixing the material. 

In the genus Delphinium there is clearly a polyploid series with a basic number of 
x — 8. The wild species are all diploid with 2n — 16. Among plants belonging to 5 
species (1, 6) tetraploid specimen have been found. The species which have been in 
cultivation for shorter or longer time or which are species crosses from origin, show a 
certain degree of polyploidy. The highest step is hexaploidy, present in the two original 
hybrid species D. belladonna and D. lamartinii. In all these cases polyploidy had a 
natural cause. Artificial tetraploids have been produced after colchicine treatments 
by MeHLQuIst et al. (8) in D. cardinale and by the author in D. cardinale, D. nudicaule 
and D. zalil as well as in species hybrids, to be discussed later on. 


nm 


Fig. 1. DIAGRAM OF THE RELATIVE LENGTHS OF MITOTIC METAPHASE CHROMOSOMES 
REPRESENTATIVE OF NORTH AMERICAN Delphinium SPECIES. AFTER LEWIS, 
EPLING, MEHLQUIST AND WYCKOFF (6) 


The genomes of the various species are morphologically very similar, a fact that has 
also been observed by several other investigators as LAWRENCE (3), LEWIS ef al. (6), 
PROPACH (9) and TJeBBEs (18). The 8 chromosomes can be grouped into 2 long chro- 


3 


R. A. H. LEGRO 


mosomes, one with an almost median, the other with a submedian centromere; 4 of 
intermediate length with subterminal centromeres; 2 of a relatively short length with 
also subterminal centromeres. The position of the centromeres and the relative lengths 
of the chromosomes in mitotic metaphase are given in fig. 1. Chromosomes in meiotic 
division are shown in fig. 2. The two large chromosomes normally are present as ring 
bivalents by forming two chiasmata at diakinesis, whereas also one of the intermediates 
sometimes does so. The others always show one chiasma per bivalent in the long arm. 
Abnormalities in meiosis of the true species have never been observed. There are no 
differences between the chromosomes of diploids and tetraploids, except for their 
number. 


3. SPECIES CROSSES IN THE PAST 


Literature data about Delphinium give the impression that species hybrids in this 
genus are not difficult to obtain. In earlier centuries breeders had succeeded in crossing 
the different species, but since the data are always vague and doubtful, they will be left 
out of discussion here. As example can be cited D. belladonna, first mentioned in litera- 
ture about 1857. According to SAMUELSON (14) its forbears are variously assumed to be 
D. cheilanthum, D. grandiflorum and D. elatum as well as such early forms as D. hender- 
sonii and D. formosum. According to a Report of the Washington University, St. Louis, 
however it is derived from D. elatum x D. grandiflorum. Anyway, the fact that it is a 
normal fertile hexaploid suggests, after LAWRENCE (3), that it arose as a sterile triploid 
from crossing a diploid (2n — 16) and a tetraploid (2n — 32). Being thus an allotri- 
ploid it became fertile (around 1905) after natural chromosome doubling. In the same 
way LAWRENCE explained the fertile D. lamartinii (dn — 48) as originating from a 
sterile forbear. 

The introduction into Western Europe of the wild scarlet and orange flowering D. 
cardinale and D. nudicaule (described in 1855 and 1838, respectively) at the end of the 
last century, was a new starting-point for crosses. But in view of the many serious 
attempts, the results especially with D. elatum were very poor at best; whereas non- 
germination. or sterility of eventual hybrids prevented further advancement. In the 
following some cross results mentioned in literature will be given shortly. 

In 1929 at the Dutch nursery ‘Moerheim’, in a batch of D. nudicaule a single, tall, 
purplish flowering plant was discovered by Ruys (3, 13). The plant was supposed to be 
a hybrid and the segregating F,, after selfing, confirmed this. Selection in the wide 
range of colour and type variations led to the pink belladonna-like D. ruysii ‘Pink 
Sensation’, which is almost sterile. LAWRENCE (who examined D. ruysii cytologically) 
determined the somatic chromosome number as 2n — 32. His conclusion was that “it 
was evident that an unreduced nudicaule gamete was fertilised by a normal elatum 
gamete, thus giving the tetraploid “Ruysii’” (3, p. 113). Being a rather poor seed pro- 
ducer little or no further development has taken place since its introduction. 

Menrgquisr (7, 1941), studying the inheritance of the susceptibility to powdery mil- 
dew, crossed D. cardinale x D. californicum and D. cardinale x D. uliginosum, all with 
2n — 16. About 40 F, hybrids were obtained which were almost as susceptible as the 
male parents concerned, thus indicating the dominance of this characteristic. About 
fertility or a possible F, nothing had been remarked. 
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After colchicine treatments MenrQuisr et al. (8, 1943) succeeded in getting D. car- 
dinale tetraploid. These tetraploids were crossed with “several members of the tetra- 
‚ ploid group of the cultivated delphintums” (p. 191). The result was a fair amount of 
seed but only three hybrids were obtained. No further details are given. MEHLQUIST in- 
formed the author personally of the following: “We never were able to germinate very 
‚ many seeds from the colchicine induced tetraploids and most of them gave rise to ab- 
normal plants so that after the initial crosses, we have not used tetraploid cardinale… 
We had hoped that with further generations we would get sufficiently good, red segre- 
gates which could be used directly. This has not been the case. We have obtained many 
beautiful, red segregates, all of which have been completely seed sterile, only an 
occasional pollen grain was viable. By back-crossing such red individuals to the elatum 
type again, we have secured a strain which looks very much like the elatum garden type 
and which has reddish-purple flowers indicating that the genes for red are still there. 
We had assumed that by inbreeding these plants and growing large numbers of seed- 
lings, we should be able to obtain red-flowered segregates which would have all the 
good characteristics of the garden delphiniums. This has not been so. During the last 
three years we have raised some five thousand seedlings without getting a single red. 
Just what the trouble is, T do not know...” 

WERCKMEISTER (20, 1954) obtained hybrids from D. nudicaule Xx D. tatsiense, both 
with 2n — 16; D. nudicaule x D. triste and reciprocally, of which D. triste is supposed 
to have also 16 chromosomes diploid. 

Several species crosses have been recorded in 1957 by SAMUELSON (14). As far back 
as 1933 he created 3 hybrids from D. nudicaule x D. elatum cv. Vanderbilt strain. 
They were robust plants, up to 44 feet high with 14 in flowers of raspberry red shades. 
Being rather self-sterile, they were crossed with D. cardinale after 5 years. This gave a 
triple species hybrid with scarlet and salmon-pink flowers. After combining this hybrid 
with D. ruysii, small generations of pink and scarlet flowering plants were produced. 
Although pollen was viable in some of these plants, seedage was generally poor ; how- 
ever, the plants could be propagated vegetatively. 

Apart from this SAMUELSON (14) observed freely-seeding, pinkish-flowering hybrids 
from D. cardinale x D. elatum cv. at Mr. Burr Gregory’s, Puyallup (Wash.). After 
back-crossing these plants with D. cardinale however, the red-purple, single and semi- 
double derivates were fully sterile. 

This sterility and difficulties of germination and vitality of the hybrid plants were 
examined also after crossing 


D. parryii 

D. hesperium D. cardinale 
D. cardinale x D. penardii and D. nudicaule Xx D. penardii 

D. zalil D. uliginosum 


D. tatsiense 


all with a chromosome number of 2n — 16. Contrarily, well-germinating seeds and 
profusely seeding hybrids were obtained after crossing “ameliorated” cardinale-like 
plants with D. parrishii and D. hansenii, the latter two being also 2n — 16. 

Beside these species many other West-American species can be easily combined, e.g. 
D. trollifolium x D. nudicaule, as established by SAMUELSON. In this way he raised the 
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so-called “West 0’ the Rockies’ strain, “centreing for the most part around D. nudi- 
caule x D. menzesii’””. This strain consists of bushy types varying in size and colour, 
including pure rose-pink, scarlet and crimson, with single, belladonna-like florets. 
Their average height is 3 feet. They produce good pollen and plenty of seed (2). Cross- 
pollination with D. cardinale, D. nudicaule and other West-American species has been 
successful. 

SAMUELSON (16) further reports that in nature, on spots where the species are grow- 
ing together, species hybrids are known from D. patens and D. nudicaule and also from 
D. luteum and D. decorum, all with 2n — 16 (in D. luteum presumably). 

His experience was that D. zalil, grown in culture side by side with other Delphinium 
species of similar blooming season, has never given natural hybrids. Moreover 
Wipe (21) expressed the opinion that artificial crosses between D. zalil and other 
species have never yielded any success. Yet SAMUELSON (15) grew several plants which 
presumably were hybrids from D. zalil and some American species hybrids (see also 
section 4.5). 

After radiating D. cardinale with X-rays (of an unknown dose), REINELT (11, 1958) 
discovered in the F, generation plants with flowers of almost twice the normal size. 
These individuals were supposed to be tetraploid, since they crossed freely with the 
cultivars. D. cardinale (tetra?) x D. elatum cv. resulted in hybrids of intermediate type, 
whereas the flower colours ranged from lavender to wine-violet shades. By crossing 
these hybrids with white cultivars the ‘Astolat’-series was eventually evolved. 

STEICHEN (17, 1959) crossed already in 1934 D. elatum cultivars successfully with his 
species hybrid D. belladonna Xx tatsiense, the former having 2n — 48, the latter with 
2n — 16. The obtained threefold species hybrid was sterile, but produced viable seed- 
lings after colchicine treatment. 

Besides, he mentions vaguely about a species cross with D. zalil, which produced 
tiny florets of various shades of clear rose pink. (Meanwhile this picture agrees with the 
description of D. zalil Xx cardinale later on). 

To establish the suggested hybrid origin of D. gypsophilum Lewis and EeLinG (5) 
carried out five of the six cross-possibilities between the former species and D. recur- 
vatum and D. hesperium. In all cases well-germinating hybrid seeds were obtained, 
whereas seed set generally approximated that of the parental species, except for D. 
recurvatum X hesperium. 


4. PRESENT SPECIES CROSSES 


During the last seven years several species crosses have been effected by the author. 
When he started in 1953 the scarce literature data gave three holds: 


1. The three botanical species in question, D. nudicaule, D. cardinale and D. zalil, are 
diploid with 16 chromosomes, whereas D. elatum cultivars are tetraploid with 32 
chromosomes. 


2. The explanation of the origin of D. ruysii. 


3. The origin of 3 hybrids at Menrquisr’s between induced tetraploid D. cardinale and 
D. elatum cv. 


SMOS 


4.1. Material 


The species and cultivars used in the hybridization outline were: 
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. cardinale HOOk. 

. nudicaule T. & G. 
. zalil A. & H. 

. elatum cv. Astolat, Black and White, Blizzard, Galahad, Ivorine, Mad. France, 


New Time, Pacific White, Pfitzer’s Rosa Sensation, and U.S.A. 


From this the author got the idea that the failure of crosses was caused by a cross 
barrier, which was probably based on the difference of chromosome numbers in di- 
‚ ploid species and tetraploid cultivars. To prove this first of all the diploid species were 
used, later on their induced autotetraploids and allotetraploids. 

A description of the technique and the results will be given below. 


À description of the species used is given in table 1. In a small experiment also the 
annual D. ajacis ev. Lustrous Carmine was used. 


TABLE 1. DESCRIPTIONS OF THE SPECIES USED 


Habit 
Height 
Leaves 


Petioles 
Number of 
inflorescence 
Inflorescence 


Stem 
Flower 


Sepals and lower 
petals 
Upper petals 


Spur 

Frost 

Mildew 
Sprouting 
Seedling growth 


D. cardinale 


cordate 

3-6 feet 

deeply digitately 
divided 

very long 


1 
pyramidal with 
many flowers 


brittle 
single, rather 
open 


scarlet-red 
deeply yellow, 
scarlet edged 
long, thin 

less resistant 
highly resistant 
without cold 
interrupted by 
rest period 


D. nudicaule 


bushy 
1-1} feet 
deeply lobed 


short 


1-3 
loosely with less 
than 12 flowers 


brittle 
single, rather 
closed 


orange-red 
orange-red, par- 
tially yellow 
long, thick 

less resistant 
susceptible 
without cold 
not interrupted 


D. zalil D. elatum cv. 
cordate cordate 
2-3 feet 3-6 feet 
deeply digitately | digitately 
divided divided 
long long 
1-3 1-6 
columnar with pyramidal/co- 


very many flowers 


tough 
single, wide open 
spread 


sulphur-yellow 
orange-yellow 


short, thick 
very resistant 
susceptible 
only after cold 
interrupted 

by rest period 


lumnar with very 
many flowers 
brittle 
semi-double, wide 
open spread 


depends on cv. 
depends on cv. 


short, thick 
resistant 
susceptbile 
without cold 
not interrupted 


D. cardinale was raised from seeds which were collected by Dr. H. Lewis from the 
Santa Monica Mountains at the junction of Tuna Canyon and Saddle Park, Califor- 
nia. D. zalil was raised from seeds obtained from the Botanical Garden at Geneva. The 
other species and cultivars were grown from commercial seeds or cuttings. 
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4.2. Methods 

The applied cross technique consisted in removing the unripe anthers before the 
flowers opened. After ripening, the pistils were pollinated with some anthers picked 
with a pair of forceps. This method proved to be fully reliable, the more so since 
anthers and pistils are not ripe at the same time. Normally the latter are ripe when the 
last anthers lose their pollen. In this way self-pollination is almost impossible, espe- 
cially in the species, and it has sofar not occurred in the experiments. 

The trials were carried out in an unheated greenhouse. Insect visit was only very 
occasional and the flowers on the female plants were therefore left uncovered. The 
crossing periods usually started in May and finished after the second flowering in 
October. Seeds were sown in November/December in petri-dishes on wet blotting- 
paper at 11 °C in a controlled dark room. In this way optimal germination conditions 
were created. The young seedlings were transferred to a greenhouse at 18°C. Usually 
they were flowering at an age of 6-7 months. 

Colchicine treatments were applied to + 7 days old seedlings as 0.1 and 0.2 % solu- 
tions. The seedlings were given a full bath at room temperature for two hours and one 
hour respectively. For a good penetration of the solution the treatments were carried 
out under low vacuum for about 10 minutes. Finally the treated seedlings were washed 
in tap water. 


4.3. Diploid species X tetraploid cultivars 

Diploid D. cardinale, D. nudicaule and D. zalil were used as male and female in 
crosses with several D. elatum cv, such as ‘Pacific White’, ‘Black and White’, “Gala- 
had’, “Tvorine’, etc. In total there were crossed 81 spikes in 1953/54 and 4,814 flowers in 
1955. The result was: 99 seeds of which one germinated. The single seedling died after 
two weeks, so the result after all was nil. 


4.4. Tetraploid species X tetraploid cultivars 


Since the above mentioned crosses with diploid species and tetraploid cultivars did 
not yield any result, which was expected from the literature data, colchicine treatments 
of the former were started in 1953. In the following year 4 tetraploids of D. nudicaule 
were obtained. D. cardinale and D. zalil however gave much trouble: although the 
seedlings showed a strong colchicine-effect just after the treatment, this effect had dis- 
appeared after the rest period at an age of 3-4 months. It was not until 1956 that 2 
tetraploids of D. cardinale were obtained and 1960 before 3 D. zalil plants became 
tetraploid. 

Selfings of D. nudicaule tetra resulted in large quantities of viable seeds, germinating 
80 %, whereas D. cardinale tetra gave a small amount of seeds, germinating 40 %. 
From D. zalil tetra out of 30 selfings 41 seeds were harvested, germinating 20 %. 

Enlargement of the flowers and seeds together with a good pollen production was 
found in D. nudicaule (fig. 3 and 4) and also in D. zalil. D. cardinale showed only a very 
slight enlargement and a reduction of pollen production. A significant fact was the 
presence of swallowtail-split spur tips in tetraploid D. nudicaule, which fact has never 
been observed in the diploids (fig. 5). 

The results of the crosses between these tetraploid species and D. elatum cultivars are 
given in table 2. As one can see, viable hybrid progenies were obtained in some cases. 
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TABLE 2. CROSSES MADE IN 1955/1957 BETWEEN D. nudicaule (TETRAPLOID), D. cardinale (TETRAPLOID) 
AND D. elatum CULTIVARS. THE LATTER CROSS PARENT IS RECORDED ONLY BY THE CULTIVAR 
NAME. CROSSES BETWEEN D. zalil TETRA AND D. elatum CV. WERE MADE IN 1960 


Number of 
Cross 

number Cross parents Treated Gena 
flowers Seeds seedlings 

1 ‘Ivorine’ x D. nudicauletetra .... 104 l 0 

2) ‘New Time’ Xx D. nudicuule tetra 580 4 0 

3 ‘Blizzard’ x D. nudicaule tetra .. .. 435 0 — 

4 ‘Mad. France’ Xx D. nudicaule tetra .. 40 1 0) 

5 ‘Pacific White’ x D. nudicaule tetra . | 243 0 — 

6 D. nudicaule tetra Xx ‘New Time’ …. Dil 55 8 

fi D. nudicaule tetra x ‘Astolat’ .... 174 48 32 

8 ‘New Time’ Xx D. cardinale tetra ... 960 94 0) 

9 VASTOlT GERD zaliltetraammtn Bee 31 153 63 

10 ‘Black and White’ x D. zaliltetra .. 43 2D if 58 

Ll Ivonne ss WD Ezaliltetcan nne 6 u 0 


The two progenies from cross 6 and 7 did not differ very much: only the flowers of 
the latter were more open spread and larger. Both were of an intermediate type; more 
or less bushy, + 3 ft. high, more than one loosely pyramidal inflorescence with single, 
belladonnalike flowers of a purplish violet (cr. 6) to a pinkish purple (cr. 7) colour (fig. 
6). This latter fact proved the dominance of the anthoeyanin delphinidine present in 
the cultivars against the pelargonidine of D. nudicaule (WERCKMEISTER, 19, 20). 

Both F‚ generations were rather self-fertile; some individuals more so than others. 
Selfings of two descendants from cross nr. 6 yielded about 1,200 seeds. Finally more 
than 700 plants were grown from a thousand seedlings, which showed a gay mixture of 
colours and forms. From pale orange, rose and pink to dark purple, blue and violet 
colours in combination with small single flowers, to large, completely double ones (the 
so-called ranunculus-type). Plant height varied from } foot to 4 feet, whereas habit and 
leaf-shape showed a range of transitional forms from nudicaule to elatum types. Yet 
the desired large flowering, semi-double red type was not present. Orange, pink as well 
as red were linked with rather small, single florets. 

Considering these colours against the other ones, a segregation approaching 1 : 35 
could be stated. Although this appears to be a monofactorial segregation on a tetra- 
ploid level it may be accidental: the wide range of transitional forms urges prudence 
with respect to acceptance of the above mentioned ratio. 

Among the F, plants there were several, which were almost equal to D. ruysii ‘Pink 
Sensation’. Even their grade of sterility was similar. Besides, a few plants have been 
observed with more open flowers and much more brilliant orange and pink-red co- 
lours. They appeared to be almost completely sterile. In general the fertility of the F, 
compared with the F, has been reduced greatly. 

Comparing the F, generations from crosses nr. 6 and 7 some influence of the culti- 
vars concerned becomes apparent. In particular the flower size of the ‘Astolat’ descen- 
dants (cross nr. 7) was uniformly larger than that of “New Time’, but there were fewer 


orange and red flowering plants in the former progeny. 
Since even the best F plants did not fulfil the object, viz. a large semi-double red 
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flowering type, and as, meanwhile, other crosses appeared to be more promising, 
further generations were not raised. 

Although the crosses with D. cardinale tetra as male parent yielded a fait amount of 
seeds, not any seedling was obtained, like in the crosses with D. nudicaule tetra as a 
male. The reciprocal cross, which may be successful (see p. 5 and 6), was not carried 
out by lack of material. 

The combinations made in 1960 between D. elatum cv. and D. zalil tetra (cross nr. 9, 
10 and 11) were successful. Sofar two progenies are growing up; they show already leaf 
characteristics of the male parent, D. zalil (fig. 7). Reciprocal crosses have not been 
made yet. 

In a small experiment an attempt was made to hybridize induced tetraploid red- 
flowering D. ajacis, the annual with D. elatum cv. but the attempt failed completely. 

The above results led to the following conclusion: 


1. There is a cross barrier between diploid species and tetraploid cultivars, based on 
difference in chromosome number. 

2. This cross barrier can be neutralized by inducing tetraploidy in the diploid species. 
But when tetraploid D. nudicaule and D. cardinale are used as male parent, a cross 
barrier still remains, but of quite a different character. 

3. Cross results with D. nudicaule tetra as female parent are very limited: the extensive 
F, generations did not contain segregates with large, semi-double flowers in combi- 
nation with a red or orange colour. A strong linkage between the colour and flower 
type seems to be present. 


4.5. Diploid species X diploid species 


As can be seen from table 1, the 3 wild species D. cardinale, D. nudicaule and D. zalil 
have each their own, often different, characteristics. Some of them are not very valu- 
able, others certainly are. For instance the good, rapid growth of D. nudicaule, the 
mildew resistance and scarlet flower colour of D. cardinale and the toughness of the 
well-shaped spike of the yellow flowering D. zalil. 

It seemed worth while to trace the possibility of a combination of such valuable 
characteristics in one or more hybrids. If such a hybrid could be made fertile as 
allotetraploid, crossing it with D. elatum cv. might give quicker and even better results 
than one species would give alone. Therefore the crosses mentioned in table 3 were 
made in 1954. 


TABLE 3. CROSSES MADE IN 1954/1958 BETWEEN THE DIPLOID SPECIES D. cardinale, D. nudicaule AND 


D. zalil 
Number of 
Cross 5 

De Cross parents Treated Grown 
flowers Dee0s seedlings 

12 D. nudicaule x D. cardinale ..... 69 304 DIS) 

13 DezanleeDreardina enn 53 1050 +900 

14 DrzalleADReardinaen Di 400 356 

15 Drcardinale Deal 20 56 6 

16 Drzalils Denice 55 0 — 
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Leaving the last cross out of consideration, the seeds of D. cardinale x D. zalil ger- 
minated 10%, whereas the others germinated 80-95 %. A large amount of seedlings 
was the result. Since it could be expected that the diploid species hybrids would be 
more or less sterile — which turned out to be true —, colchicine treatments were carried 
out in the young seedling stage. 

From D. nudicaule x D. cardinale (cross nr. 12) 51 plants survived, of which 20 
plants were tetraploid, i.e. 40%, which is very high. These allotetraploids will be indi- 
cated in the following with the code D.n.c. An. 

From D. zalil x D. cardinale (eross nr. 13) only 80 plants remained after the treat- 
ment, of which 3, i.e. 3.8 %, were tetraploid. Among the surviving 200 seedlings from 
cross nr. 14 there were 9 tetraploids and 6 mixoploids, whereas only 4 diploid plants 
from the reciprocal cross were left. The code D.z.c. 4n will be used to indicate these 
allotetraploids. 

The descendants in this series of hybrids showed an intermediate character in com- 
parison with their parents. In detail however some characteristics proved dominant. 

In general D.n.c. 2n plants had a single inflorescence, as D. cardinale, but much stron- 
ger branched. The plant height varied between 2} and 34 feet. The flower colour was of 
a less varying dark orange-red. The shape of the flowers as well as the tuberous root 
system was also intermediate. The young basal leaves were more or less lobed as in 
young D. nudicaule; with further growth the leaves became successively more digi- 
tately divided and finally they were coarsely cardinale-like (fig. 9). The brownish-green 
stem colour and the mildew susceptibility are conformable with that of D. nudicaule. 
The anthers produce much less pollen. The observed sterility is in agreement with 
SAMUELSON's experiences (14). 

D.n.c. 4n plants show a prolific pollen production, whereas the black seeds are 
relatively large and globular. The flowers are larger and more open spread than in the 
diploids and appeared to be more mildew susceptible than the smaller ones. There has 
not been any trouble with germination, on the contrary, sometimes germination even 
in the seed pods was observed. It is remarkable that the tetraploids produced much 
fewer flowers on the branches than the diploids, thus giving an open plant type. An- 
other remarkable fact was the presence of the swallowtail-split spur tips in the tetra- 
ploids, also observed in D. nudicaule tetra but never in the diploid specimen (fig. 5). 
Both diploid and tetraploid D.n.c. flowers are extremely rich in nectar. 

Further generations of D.n.c. 4n showed a very constant plant pattern: a segrega- 
tion into the parent types has not been observed. The flower size varied only slightly, 
as also did the flower colour, from dark orange-red to scarlet-red. Some plants had 
more open flowers, others more closed. The nicest plants with the largest and most 
open flowers were very mildew-susceptible. Really resistant types were not noticed. 

On checking the chromosome numbers of F, seedlings from D.n.c. 4n one plant out 
of 1,100 appeared to have only 16 chromosomes in somatic tissue. This plant must 
have been a hemiploid, a ‘haploid tetraploid’; it showed a typically upright-bushy 
character and flowers of only half the size of the tetraploids (fig. 8). The facts that this 
plant was rather fertile in contrast with the normal diploid hybrid, and that the ex- 
tremely small anthers produced a lot of pollen were highly peculiar. Unfortunately the 
plant and its 8 descendants were lost. 

The D.z.c.-F, consisted of plants not very uniform in habit. In opposition to the 
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D.n.c.-F,, colour and size of the flowers was highly variable. The tuberous root system 
and the strongly digitately divided leaves were intermediate but varied either in the 
direction of the female (fig. 9) or of the male parent. The plants were 3 to 5 feet high, 
whereas the general plant habit, although intermediate, more resembled D. cardinale, 
the male parent (fig. 10). The spikes were mostly widely-spaced (fig. 10), but sometimes, 
especially in the tetraploids, there was a well-shaped spike as in D. zalil (fig. 14). 

In detail the hybrid showed more features of D. zalil: the toughness of the stem, the 
flower shape (fig. 15), the veined petals, the short spurs without nectar, the stigmas and 
the ribbed seeds (in the tetraploids) are similar to D. zalil. Some plants had flowers as 
large as D. zalil, others as small as those of D. cardinale, whereas the greater part was 
intermediate. The main flower colour ranged from appleblossom-white, crreamy-green 
and soft pink to raspberry-red and magenta. Yellow and scarlet were lacking, yet the 
upper petals were yellow coloured as D. cardinale. Generally speaking they were all 
soft pastel colours, which give a specific, very fine distinction to this hybrid. As cut 
flower they proved to be very useful, lasting in water for over 10 days before the petals 
dropped. 

Concerning the anthers, the F,‚ plants belong to two different types: either the an- 
thers are rosy and flat without any pollen, or creamy ‘normal shaped’ and with some 
pollen, which apparently was not capable of fertilizing. 

Although completely sterile in diploid condition, the tetraploids are sufficiently self= 
fertile. The viable seeds on the one hand show the ribbed seed skin of D. zalil, on the 
other, the black colour of D. cardinale seeds whereas the ribbed seed skin was not pre- 
sent in the reciprocal cross on tetraploid level (fig. 11). The seed pods are similar to 
those of the latter species (seed pods of D. zalil are strongly ribbed). 

In both species hybrids abnormalities in meiosis were observed on diploid level. In 
D.n.c. they are restricted to univalent building; the present bivalents were usually form- 
ed by the larger chromosomes. In metaphase 1 one could observe the univalents 
spreading all over the pollen mother cells. Their distribution must be irregular since in 
metaphase II often 12, 14, 16, 18 and also 20 chromatids were counted. Chromosome 
bridges were only very occasionally observed; the tetrad building was generally quite 
normal. In general it must be said that the total picture of the reduction division gives a 
rather regular impression. At least one should certainly not expect complete self- 
sterility on account of this. 

The meiosis of D.z.c. gives quite a different view: it is completely disturbed. The 
above mentioned rosy anthers do not, or do only occasionally, possess pollen mother 
cells. The ‘normal’ creamy ones contain varying amounts of PMC tissue, Studying 
diakinesis in them, one observes a real mess, which is often different in character from 
one plant to another. Sometimes clumping together, it seems as if the chromosomes 
are linked with thick chromatine threads. On the other hand they may be all spread 
like univalents. Situations in between are present in different stages, thus giving rise to 
nice examples of non-disjunction. In each preparation one observes many chromo- 
some bridges; very often even four bridges have been found in one cell, connecting the 
anaphase [I plates (fig. 12). No wonder that this leads to abnormal tetrad building: one 
or more micronuclei are frequently present, which is pictured in fig. 13. 

Although abnormal on diploid level, the tetraploid species hybrids D.n.c. and D.z.c. 
have a normal reduction division, with few or no disturbances. There is a regular biva- 
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lent pairing as described in section 2, page 4. So far trivalents or tetravalents were not 
observed. In this way the allotetraploids dispose of pollen with a good fertilizing capa- 
bility, which is an easy characteristic by which to recognize the tetraploids among the 
diploids. From both species hybrids a large number of descendants could be raised. 


4,6. Tetraploid species x tetraploid species 


After getting D. nudicaule, D. cardinale and D. zalil tetraploid, a few crosses were 
tried on tetraploid level in 1956 and ’60, respectively, as given in table 4. 


TABLE 4. (CROSSES MADE IN 1956/1960 BETWEEN THE TETRAPLOID SPECIES D. cardinale, D. nudicaule 
AND D. zalil AND BETWEEN THEIR HYBRIDS. ÍN THE LATTER CASE THE SPECIES ARE MENTIONED 
BY THEIR INITIALS 


Number of 
Cross 
number Cross parents Treated Grown 
flowers Seeds seedlings 
17 D. nudicaule tetra x D. cardinale tetra 17 0 - 
18 Teciprocall yi ese et opeen orpsdlarg tn 6 0) — 
19 D. cardinale tetra x D.zaliltetra. . . 7 15 6 
20 D. (nudicaule tetra Xx ‘New Time’) Xx 
Deposit meter hees er ain ahead 50 112 89 
21 teciprocallyan FeBee et Ee A EEMTN 68 0) — 
22 DizchAnweDinchAn heem os outs 12 20 3} 


The small number of crosses does not allow the conclusion that these crosses do not 
succeed, although the chance of success seems to be very small. 


4.7. Tetraploid species crosses X tetraploid species crosses 


In order to try to improve the descendants of D. nudicaule Xx D. elatum cv, the F, 
plants were crossed with D.n.c. 4n in 1956 (see table 4). The seeds obtained germinated 
very well and gave rise to 89 seedlings. The greater part flowered like D.n.c., but purple 
and violet-purple colours were also present. They were tall plants, 35-4 feet high. Al- 
though these triple species hybrids produced large progenies in the following years, an 
improvement of the type was not obtained. The characteristics of large flowers and 
semi-double flowers appeared to be lost completely. Only a few plants which flowered 
very intensively scarlet and even yellow could be selected. The reciprocal cross failed 
for unknown reasons. 

D.z.c. An x D.n.c. 4n also succeeded (see table 4). Unfortunately the 3 plants which 
could be raised died before flowering. 


4.8. Tetraploid species crosses Xx tetraploid cultivars 


With the creation of both species crosses, D.n.c. 4n and D.z.c. An, a new period of 
crossing with the D. elatum cultivars was begun. The crosses were started with D.n.c. 
An in 1955 as soon as pollen was available, followed by those with D.z.c. 4n in 1956 and 
they are still being continued. A survey of the results is given in tables 5 and 6, together 
with a code, which will be used in the following to indicate the different progenies of 
these triple species crosses. As in the species, the initials (capitals) are used to denote 
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the cultivars concerned. The initials of the female plant are always placed first. Thus 
D.n.c.B.W. means: progeny from the cross D. (nudicaule X cardinale) tetraploid 
(female) x D. elatum cv. Black and White (male) and so on. 


TABLE 5. CROSSES MADE IN 1955/1960 BETWEEN D.n.c. 4n AND D. elatum CULTIVARS. THE LATTER 
CROSS PARENT IS RECORDED ONLY BY THE CULTIVAR NAME 


Number of 
Ee Cross parents 
RUDE: ross p Treated Seeds Grown Code 
flowers |. seedlings 
23 VAstolats Xe Dr An aen hete 134 0) 0 
24 reciprocally . . Dc: 78) > 1,200 1,053 D.n.c.A. 
25 ‘Black and White” De SD n.c. Ah Es 2517 0 0) 
26 feciprocallyas een Di 2300 273 D.n.c.B. W. 
27 Blizzand a erD irene 8 0) 0 
28 ‘Galahad’ x D.n.c. An ef 175 5 0 
29 ‘Ivorine’ Xx Din.c. 4n”. edel: 564 21 0 
30 TeGIPLOCal vanen sE 48 > 600 550 D.n.c.l 
31 ‘New Time’ x D.n.c. Aa 639 8 0) 
32 ‘Pacific White’ x D.n.c. An e 189 1 0) 
Teciprocallvern ri set a RER: 9 16 6 D.n.c.P.W. 


TABLE 6. CROSSES MADE IN 1956/1960 BETWEEN D.z.c. 4n AND D. elatum CULTIVARS. THE LATTER 
CROSS PARENT IS RECORDED ONLY BY THE CULTIVAR NAME 


Number of 
GR Cross parents Treated G 
number AES ë Seeds oei Code 
owers seedlings 

33 eAstolatss GDC 26 96 62 DEAZEE 
34 reciprocally … . ARE 18 4 0 
35 ‚ ‘Black and White” De ADE hi ed 11 58 0) 
36 SNew limes DEZE An en: 8 7 2) (DANSTE 
37 Pacifica Whites eDizcHAnm meer 84 500 32 DiPWezsen 
38 feciprocallynaemne Ee O0 21 0 0 
39 ‘Rosa Sensation’ Xx brhs Ars Ees 29 140 96 D.R.S.z.c. 
40 DEECAN ES IVON 10 0) 0 


Although D.n.c. An and D.z.c. An are both compatible with D. elatum cv. this ap- 
pears to be so only in one direction, namely when D.n.c. 4n is used as female plant, 
whereas on the contrary D.z.c. 4n is successful only as male plant. So far an explana- 
tion of this remarkable fact cannot be offered, since a special study of this phenome- 
non has not been made. Yet it looks as if it is a matter of pollination troubles rather 
than a disturbance of fertilization. Concerning D.n.c. An there is a significant agree- 
ment with the crosses between D. nudicaule 4n and the cultivars. Also these crosses 
succeeded only in one and the same direction, i.e. when the former is the female plant. 
D. zalil 4n x D. elatum cultivars was not carried out, unfortunately, but the reciprocal 
crosses with D. zalil 4n as male plant gave rise to many seedlings just like D.z.c. 4n. 
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D.n.c. 4n Xx D. elatum cultivars 


The first generations. — Except the seeds of D.n.c.P.W., all hybrid seeds germinated 
90%. In this way three extensive F‚’s were finally obtained in bloom, viz. 950 plants 
from D.n.c.A. (A — ‘Astolat’), 250 plants from D.n.c.B.W. (B.W. — ‘Black and 
White’) and 500 from D.n.c.l. (L. = “Tvorine’), which differed partly in phaenotype one 
from another. 

Concerning height D.n.c.A. as a whole was approximately the tallest one (5-6 feet), 
followed by D.n.c.l. (+ 5 feet) and the shortest was D.n.c.B.W. (3-5 feet). The most 
cordate was D.n.c.l., followed by D.n.c.B.W., whereas D.n.c.A. was very loose with 
often crooked supple branches. Concerning flowers, the largest and most open spread 
flowers were present in D.n.c.A. (2 inches @), followed by D.n.c.B.W. (1-2 inches 9), 
whereas D.n.c.l. had small and rather closed flowers (1 inch G). The flower size was 
less variable in the latter and exactly intermediate. 

The main flower colour of D.n.c.A. was lilac purple to royal purple. Five plants were 
of a much lighter purple colour. This was also observed in D.n.c./., whose main colour 
was bluish violet. This was apparently due to heterozygosity of the male parent. Al- 
though these two progenies were more or less uniform in colour, the D.n.c.B.W. F,, on 
the contrary, showed a segregation in flower colour: the descendants from one male 
plant were deep purplish violet, but the descendants from a second one were pale rosy 
purple for about 75% and dark purplish violet for the rest. About the genetic back- 
ground of this segregation nothing is known. Selfings of the two male plants gave the 
same phaenotype: white with a brown or black ‘bee’. 

Almost all plants of the three offsprings were single flowering; a very few plants, 
however, had semi-double flowers or some additional petals. Hence the dominance of 
the single flower characteristic was not complete. The root system and leaf shape of the 
hybrids were more or less uniform and intermediate. In the young seedling stage there 
was more likeness with the female parent, D.n.c. An, later on more with the male. As a 
whole pollen production was quite good. Considering self-fertility it is difficult to give 
an exact value for this, as there was a wide variability from plant to plant. It was best 
in D.n.c.B.W., less in D.n.c.l., whereas the D.n.c.A.-plants were very self-sterile. In 
general the seed production per pod was approximately 0-10 % of that of the parents, 
but normally one had to self-pollinate several flowers to obtain one or more seeds. 
Back-crosses with the parents appeared to be possible and in that way relatively more 
seeds were obtained. 

After several thousands of selfings the total offsprings were: 


524 F, seeds from D.n.c.A., from which 356 seedlings were grown 
ENNE NB Bh AIS 5 55 
778 2 2 52 Dmcl 2, bed 440 be 22 22 


The germination percentage of the seeds, which were not stored in a refrigerator, 
was between 55 and 75 5%. 

The second generations. — In general there was an extensive segregation which result- 
ed in a wide range of different types, just as appeared in the F, from D. nudicaule X 
elatum cv. There was only one very important distinction: the latter did not possess 
combinations of red or orange colours neither with large nor with semi-double flowers, 
which combinations were certainly present in the above-mentioned F‚'s. 
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By far the most plants had small and single, purplish-violet flowers; others showed 
all tints and shades of purple, blue and violet in combination with large and/or semi- 
double or double flowers. Besides, there were a few white ones, two single pale yellow 
ones and a group of orange, pink, rose and red types. Since there were many transi- 
tions to purple, it is difficult to give an exact number. With some reservation it may be 
said that there were about 50 ‘reds’ in D.n.c.B.W. (= + 1 : 35), 5 ‘reds’ in D.n.c.A. 
(< 1 : 35) and 50 in D.n.c.l. (— + 1 : 9). From the latter plants no one had semi- 
double flowers (although present in the violet part), or large-sized flowers (= 2 
inches QG). The real red colours, however, were much more brilliant than those in the 
D.n.c.A. and D.n.c.B.W. groups, while several rose types had a creamy-white ‘bee’. 
This latter fact was not observed in the other two progenies. With regard to fertility the 
D.n.c.l. occupied the second place. 

The ‘reds’ of D.n.c.B.W. consisted mainly of orange, salmon, pink and rose forms, 
with small or medium large, single flowers (1-14 inches @). One plant out of 1,869 had 
an apricot-orange colour in combination with semi-doubleness, rather large flowers of 
2 inches Q and a fairly well-shaped spike. The general outward appearance was just 
like D. elatum cv. (fig. 16 and 17). This plant with the code 58/887-9 was unfortunately 
completely self-sterile. Another one with semi-double, deeply salmon-coloured flowers 
of 1} inches G, however, was relatively highly self- and inter-fertile, although partly 
male-sterile. This plant with the code 58/897-51 proved to be the most important for- 
bear of ‘reds’ in the next generations. A third interesting plant showed a combination 
of a dark brown ‘bee’ with rosy-carmine sepals. 

In the D.n.c.A.-F, there were, among others, 2 plants with rather large, carmine 
flowers (2 inches Q), one being single, the other semi-double. It was a pity that these 
plants had crooked branches, a loose spike, and were completely self-sterile. But as a 
male plant used in crosses with the above D.n.c.B. W. 58/897-51, they produced 52 seeds 
of which 41 germinated and 11 reached the flowering stage. 

Although sterility was really high in the F‚’s referred to, yet 166 out of + 200 select- 
ed plants produced 3,212 seeds after selfing, which gave rise to 1,789 seedlings (i.e. + 
55% germination). Besides, 30 different crosses, mainly between ‘reds’, yielded 270 
seeds of which 170 (i.e. 63 %) seedlings came into existence. This certainly can be called 
a satisfactory result for a triple species cross. Nevertheless more than 4,000 hand- 
pollinations were made to get this crop. 

The third generations. — Part of the above mentioned seedlings died in the young 
seedling stage; in total, about half came to the flowering stage. It must be said that the 
young seedlings, at an age of 3-4 weeks, appeared to be very weak sometimes. 

It would make this paper too long if all findings were mentioned. Therefore only the 
most important data will be given. In general the lines were already rather homoge- 
neous for a certain type: single flowering F,parents, after selfing, produced for the 
greater part single, and for the rest semi- or entirely double flowering descendants. 
Semi-double ones always reproduced the same type, or even more double. Flower type 
and size did not differ much from the parents, but in one case, in which the F, plant 
had purple flowers of 1 inch G, one descendant had upward of 2 inches large, orange 
flowers, whereas the other showed the same size combined with rosy purple. In another 
line, a break-through to a real scarlet colour was found, and also to orange. In general, 
when the parent concerned was reddish, all the descendants also flowered reddish. 
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METAPHASE II IN A POLLEN MOTHER CELL OF D. cardinale 

FLOWERS OF DIPLOID (LEFT) AND TETRAPLOID (RIGHT) D. nudicaule 

DrPLoIDp (UPPER ROW) AND TETRAPLOID (LOWER ROW) SEEDS FROM D. nudicaule 
SWALLOWTAIL-SPLIT SPUR IN TETRAPLOID D. nudicaule 

SEEDLINGS FROM D. nudicaule TETRA Xx D. elatum CV. NEW TIME AT AN AGE OF 6 MONTHS 


Fie. 7. 


FIG. 8. 
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UPPER ROW SEEDLINGS FROM SELFED D. elatum CV. BLACK AND WHITE. LOWER ROW SEEDLINGS 
FROM ‘BLACK AND WHITE’ X D. zalil TETRA 

LEFT A TETRAPLOID (2n — 32), RIGHT A HEMIPLOID (2n — 16) PLANT FROM D. nudicaule X 
cardinale 

FROM LEFT TO RIGHT LEAVES FROM: 

UrPPeR Row D. cardinale; D. nudicaule X cardinale TETRA; D.n.c. 4n Xx D.elatum Cv. AND 
D. elatum Cv. 

LOWER ROw D. zalil X cardinale AND D. elatum cv. Xx D.z.c. 4n 


SPECIES HYBRIDS IN DELPHINIUM 


Fig. 10. DrPLOID SEEDLING FROM D. zalil X cardinale AT AN AGE OF 7 MONTHS 
Fro. 11. FROM LEFT TO RIGHT SEEDS FROM: 
D. cardinale tetra; 
D. cardinale tetra x D. zalil tetra; 
D. zalil Xx cardinale tetra; 
D. zalil tetra 
Fig. 12. COMPLETELY DISTURBED MEIOSIS IN D. zalil X cardinale. MANY CHROMOSOME-BRIDGES CON- 
NECT THE ANAPHASE II PLATES 
Fi. 13. FORMATION OF MICRO-NUCLEI AS A RESULT OF A DISTURBED MEIOSIS IN D. zalil X cardinale 
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Fro. 14. SPIKE OF A TETRAPLOID D. zalil X cardinale PLANT 

Fig. 15. DETAIL FROM FIG. 14 

FIG. 16. ORANGE FLOWERING elatum-LIKE HYBRID D.n.c.B.W. 58/8879 
Fi. 17. DETAIL FROM FIG. 16 
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A significant improvement appeared in the offspring of the crosses between D.n.c. 
B.W. and the two red D.n.c.A. plants described above. Since one of these was single 
flowering the descendants were also single. In the other case both parents were semi- 
double and so was the progeny. Together with a flower size of 142 inches they showed 
beautiful carmine and rosy carmine tints. Although different, one plant from another, 
they proved to be sufficiently fertile. 

The total seed-production in 1960 of selfings and crosses in the F3 gave the impres- 
sion that the fertility in general was not reduced but was even better than in the F,. 
From 83 newly selfed F, plants, 42 (or 50%) gave seeds; from 134 selfed F; plants, 88 
(or 65 %) produced seeds. Besides, seeds were obtained from 161 out of 312 (i.e. 50%) 
crosses between F, and other F, and F; plants, whereas 237 out of 340 (i.e. 70%) 
crosses between F3 and other F; and F, plants yielded seeds. So far no data are avail- 
able about the quantities of seed. 
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The descendants of the D.z.c. 4n crosses, which were single flowering without excep- 
tion, offered quite another picture when compared with those of the D.n.c. 4n crosses. 

In the former case D.n.c.A. had the taliest plants, but here the D.A.z.c. hybrids 
showed to be the shortest ones. In this case the D.P.W.z.c. progeny was the tallest, 
with 3 feet high plants. D.N.T.z.c. was in between. 

Another point was that D.A.z.c. had the smallest flowers, very badly shaped and 
sometimes even deformed with dirty greenish-purple colour, whereas D.n.c.A. posses- 
sed the largest flowers. On the other hand D.P.W.z.c. plants bore very finely shaped, 
cobalt-blue flowers of more than 2 inches Q on well-formed spikes. These hybrids with 
their tough thin stems and strongly divided leaves formed a class apart. 

There was another typical fact. Whereas the F, from D.n.c. An x D. elatum cv. was 
fertile for a certain (although low) percentage, the progenies in question were com- 
pletely sterile. All selfings and cross pollinations failed, including the back-crosses. In 
the opinion of the author this was not caused by incompatibility but by complete 
disturbance of the meiosis: the anthers contained little or no pollen. The introduction 
of the yellow component of D. zalil along this line therefore proved to be impossible. 


4.9. Fourfold species crosses 


So far crosses between two or three species have been successful on diploid and 
tetraploid level respectively. As tetraploids have 4 genomes, theoretically a fourfold 
species cross would be possible in which each species is represented by one genome. 
With the triple tetraploid species hybrids from D. nudicaule, D. cardinale and D. ela- 
tum cv. on the one side, and tetraploid D. zalil and D. zalil X cardinale on the other, 
crosses were made in the flowering season of 1960. Apart from the experimental aim, 
these crosses had breeding objectives in view: 


1. To improve the spike quality of D.n.c.B.W.-hybrids, which usually have well- 
shaped red or orange flowers but a too-widely-spaced spike, by crossing them with 
D. zalil. 

2. To ascertain whether this type of crosses with D.z.c. 4n could produce better results 
in case of fertile descendants. 


17 


R. A. H. LEGRO 
3. To improve the cutflower qualities and to introduce stem-toughness in the red 
segregates. 


The results of these trials are set out in table 7. As can be seen these fourfold species 
crosses were fully successful. Since the young seedlings are still growing up, further 
details are not yet available. 


TABLE 7. FOURFOLD SPECIES CROSSES MADE IN 1960 BETWEEN D. zalil TETRA, D.z.c. 4n AND D.n.c.B.W. 


Number of 
Cross 
maber Cross parents Treated Seeds Grown 
flowers seedlings 
58 Drzallate tram MDC BI AN 29 12 2 
59 Teciprocallya EE Nee 150 95 24 
60 Dre Izalilteanm nn 7, 10 3 
61 DEAN SDC BI A 75 117 44 
62 teciprocal vanme neee re 146 153 84 
63 Din cls ED: cein sen Me B 9 4 1 


5. DISCUSSION 


Ás data from the literature and also the experiments in this study prove, Delphinium 
species hybridize very easily. Not only several artificial hybrids but also natural 
hybrids are known. The artificial hybrids were created partly with the aim to study 
their behaviour, and partly to increase the present-day assortment of D. elatum culti- 
vars by introducing red and yellow colours. In view of the above investigations it may 
be worth while to discuss these latter hybridizing possibilities. 

In the past, purposeful crosses between diploid species and tetraploid D. elatum 
cultivars have always failed or have produced sterile purple triploids at best. Very 
accidentally, natural chromosome doubling occurred, in which cases the hybrids 
appeared to be fertile (see page 3 and 4). This shows that for hybridizing jattempts 
with a breeding purpose there is no sense in working in that direction except by chromo- 
some doubling, whether of the diploid species concerned or of possible triploid hy- 
brids. 

Although it is preferable to breed on diploid level and to try therefore to reduce the 
chromosome number of tetraploid cultivars, as for instance is the basis of the modern 
breeding technique in Cyclamen, in Delphinium it is essential to breed on a tetraploid 
level as crosses with the red and yellow species on a diploid level result only in sterile 
F‚’s at best. In short, for a successful introduction of gene material from species into 
Dephinium elatum cultivars the former must be tetraploid, whether induced or natural. 
The previous cross results underline this. 

How far results will then answer the purpose is another question, although equally 
important. MeHrQuIsT as well as ReINELT, recognizing the above necessity, crossed 
with induced tetraploid D. cardinale. According to their reports the results so far in the 
case of red elatum-types were very poor. MEHLQUIST’s extensive experiments brought 
anything but the results expected, as has been quoted on p. 5. According to SAMUEL- 
SON (14), ReiNELT had in 1948 an interesting group of large, pinkish, double-flowered 
plants, presumed to be segregates of his breeding programme with D. cardinale. 
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REINELT himself suggested that “the influence of cardinale is so small, and whether the 
present pinks resulted from cardinale blood can be argued” (10, p. 83). Besides, he 
states that “when crossing garden hybrids which have a blue base with the red or 
yellow cardinale, we seem to get magenta or purple, which after all is all we can 
expect” (11, p. 141). Also the crosses of the present author between D. nudicaule tetra 
and D. elatum cv. were disappointing: though large generations were raised, no other 
combination arose except orange and red, together with small single-flower type, the 
genes for which apparently are closely linked. The same limited possibilities are pre- 
sent in D. ruysii, which originated naturally in the same way. 

In view of these facts, the results of SAMUELSON are somewhat enigmatical. Success- 
ful hybrids from D. nudicaule and a “Vanderbilt elatum’ (1933) were again successfully 
merged with D. cardinale (1938) and after that crossed with D. ruysii ‘Pink Sensation’ 
and D. elatum cv. Astolat, thus giving plants of “considerable promise in colour and 
growth”. Since no further details were given, it is unknown whether the species con- 
cerned were partly diploid or all tetraploid. Further information with respect to 
practical or commercial usefulness are not available as far is known. 

The limited effects of crosses with tetraploid red flowering species as well as their 
differences in character have been the motive for the author to experiment with allo- 
tetraploids. This led to the desired results: combinations of semi-double large elatum- 
like flowers, with colours ranging from salmon, pink, orange, carmine to red, appeared 
in the F‚’s. In comparison with the nudicaule hybrids it may be said that they were a 
real break-through. The cross-results confirm the supposition that it is possible to 
obtain elatum-like hybrids with orange and red colours. At the same time they show 
that no close linkage between the parental flower type and their colour was present, 
which may be due to the cardinale component (compare ReINELT’s results). 

Meanwhile quite a lot of problems, especially genetical ones, remain unanswered, 
but it will be very difficult if not impossible to solve them. First the heredity of D. 
elatum, which itself is considered as a species hybrid, is far from clear. It is known that 
multiple genes determine the flower colour, but how many there are responsible for the 
final flower colour is unknown. Secondly species hybrids do not commonly follow 
mendelian rules. Chromosome pairing between the various parental genomes occurs, 
which in itself is very fortunate, because otherwise only progenies like the F‚ would be 
produced. But this allosyndesis possesses an irregular character and so the origin of 
genotypes is one of randomness, which is reflected in the wide ranges of variation in the 
F‚’s obtained. Finally, high sterility, especially in the triple species hybrids, as well as 
decreased germination frequently eliminates genotypes in gametic and zygotic stage. 

Thus an exact breeding programme in Delphinium cannot therefore be set up. The 
only hold one has, is the knowledge that red colours effected by pelargonidin are 
recessive as against colours effected by delphinidin, (semi-)doubleness recessive as 
against singleness and flower size has an intermediate inheritance. Further, the more 
recessive the genotype, the more relatively sterile it is, although exceptions were found. 

With regard to the successful introduction of the yellow flower colour of D. zalil, it 
can be said that, beside the above mentioned crosses made by the present author, all 
previous attempts have failed. Nothing is known therefore about factors controlling 
this characteristic. Meanwhile it is mysterious why there is such a remarkable range of 
variation in the D.z.c.-F,, which greatly exceeds that of the parents. This is in contra- 
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diction with the general fact that interspecific hybrids have a narrow range of variation 
in the first generation (5), of which the D.n.c.-F, is an example. On the contrary it 
agrees with Lewis’ and EPLiNG’s D. recurvatum x hesperium F, which shows a similar 
range. According to them such segregating F,‚ progenies strongly suggest that one of 
the cross parents arose after previous introgression of another species. Since the 
D.n.c.-F, does not show such a variability, only D. zalil requires consideration for such 
a conception. Thus it is remarkable that some D.z.c.-plants showed rosy anthers, while 
both parents have creamy ones, and that even after 5 inbred generations the petal 
shape and size of D. zalil were still varying strikingly and a pure white specimen arose. 

The practical value of the hybrids obtained has not been proved by experiment so 
far, as the material was too small. Vegetative propagation is quite possible by cuttings 
in the usual manner. The best results were obtained in the early spring at 6-12°C: 
about 90 % of the cuttings were successful and grew up. In late summer, at 18-22°C, it 
were only 10%; by placing the cuttings then at approximately 8°C in a cooled store 
under artificial light (16 hours), the percentage increased to almost 90 %. 

Mildew susceptibility was present in all hybrids. In D.n.c. 4n-Fs it was observed that 
the larger the flowers were, the stronger the tendency was. In its hybrids with D. elatum 
cv. the susceptibility was similar to that of the cultivars, although some lines proved to 
be more resistant than others. 

Less is also known about perenniality and hardiness. With regard to the former, 
ReINELT (10) remarks that “the blues and darker colours seem to be more perennial, 
white and pink less so”. This may be also the case in the hybrid progenies of which a 
large number of plants died in consecutive years. But it is more likely that black rot has 
been the cause, since the mortality decreased considerably after treatment of the root 


TABLE 8. SURVEY OF SPECIES CROSSES MADE IN 1953/1960. EXPLANATION OF THE ABBREVIATIONS: D = 
Delphinium; c = cardinale; n = nudicaule; e = elatum; z — zalil. WHEN VIABLE HYBRIDS 
WERE OBTAINED, THIS IS INDICATED BY + 


Crosses between 


Diploids Diploids and tetraploids Tetraploids 
Twofold D.n. X c. + Dn NOR D.c. X z. + 
IDEA SS D.c. X e‚=— DIER MTNEs 
Dice Dz mer— DMS Ca 
DZ RN en De. X n.— D.n. X e. 
De. X Cc. — DEK 
Dien rn Diens Mer = 
De. X z. + 
Threefold DNC Res 
IDE NE — 
DESC NE 
Diek Zen 
| DICK CMENS 
Fourfold | DTC NZE 
DANCE IC 
DE X n.c.e. + 
Diz.e. mnicier S= 
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systems with a fungicide. Trials on a small scale with D.n.c. An showed that hardiness in 
this hybrid is very individual: some plants however could stand —15 °C without difficul- 
ty. But in the cultivars it is also very variable. ‘Astolat’ for instance is less hardy, where- 
as the Dutch ‘Black and White’ is quite hardy. In view of practical aims it is certainly 
to be recommended to hybridize a wide range of cultivars with D.n.c. 4n, which type 
has been much improved in the meantime. 


6. SUMMARY 


In the present-day cultivated assortment of Delphinium elatum, apart from one pink 
cultivar, the basic colours red and yellow are not present. Purposeful introduction of 
these colours by crossing cultivars with red and yellow flowering species has given, in 
the former case, very poor results, in the latter, none. Yet from literature data it is 
known that Delphinium species hybridize very easily. The possibilities of species hybri- 
dization were therefore studied. The following results and conclusions can be presented 
now after 7 years of cross experiments. 


1. There is a cross barrier between wild Delphinium species and D. elatum cultivars in 
consequence of a difference in chromosome numbers: the red D. nudicaule and D. 
cardinale and the yellow D. zalil are diploid (2n — 16), the modern elatum cultivars 
are tetraploid (2n — 32). All cross attempts in this respect failed; the direct way of 
crossing is therefore not suitable. 

2. This cross barrier appeared not to be present when the species were first brought to 
tetraploid level and then crossed in the sequence given below: 


D. nudicaule tetra x D. elatum cv. 
D. elatum cv. x D. zalil tetra 


In both cases viable hybrids were obtained; the reciprocal cross of the former as 
well as D. elatum cv. x D. cardinale tetra also produced seeds, but no viable pro- 
geny. 

3. Although a large number of segregates appeared in the F, from D. nudicaule tetra 
x_D. elatum cv, the hybridization possibilities appeared to be limited. The orange- 
red colour seems to be strong}y linked with the nudicaule flower type. 


4, On diploid level some true species crosses produced plenty viable hybrids: 


D. nudicaule x D. cardinale 
D. zalil Xx D. cardinale 
D. cardinale x D. zalil 


The cross D. zalil X D. nudicaule did not succeed. The diploid hybrids were sterile: 
as allotetraploids however they were highly fertile. 


5. On tetraploid level one species cross produced a few hybrids: 
D. cardinale tetra x D. zalil tetra 


Not successful were: 
D. nudicaule tetra Xx D. cardinale tetra 
D. cardinale tetra Xx D. nudicaule tetra 
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6. Both species crosses D.n.c. 4n and D.z.c. 4n produced plenty viable hybrids, when 
crossed with D. elatum cv. but only in the following sequences: 


D.n.c. 4n Xx D. elatum cv. 
D. elatum cv. Xx D.z.c. 4n 


Hybrids of the former triple species cross were partly fertile, those of the latter fully 
sterile. A few hybrids were obtained from 


D.n.c. 4n X D.z.c. An 


7. The F‚ from D.n.c. An x D. elatum cv. showed a wide segregation. The combina- 
tions sought, i.e. red and orange colour with semi-double e/atum flower type, were 
found. Some of them were completely sterile, others only when used as female plant, 
while a couple of salmon coloured plants were relatively fertile. For this reason the 
use of D.n.c. 4n as female plant when crossed with D. elatum cv. is much more pro- 
mising than when the tetraploid species are used alone. 


8. Viable hybrids were also obtained from the following fourfold species crosses and 
their reciprocal ones: 
D. zalil tetra x (D.n.c. An x D. elatum cv.) 
D.z.c. 4n x (D.n.c. 4n x D. elatum cv.) 
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SAMENVATTING 


Soortsbastaarden van Delphinium 


In het verleden is herhaaldelijk gepoogd de rood- en geelbloeiende Delphinium- 
soorten te kruisen met cultivars van D. elatum. Het povere resultaat echter is een aan- 
wijzing dat hier een kruisingsbarrière aanwezig is, te meer daar zowel kunstmatige als 
wel natuurlijke soortshybriden in het geslacht Delphinium veelvuldig voorkomen. Het 
huidige onderzoek bevestigt dit en de verkregen gegevens tonen aan, dat de barrière in 
eerste instantie berust op verschil in chromosoomaantal tussen de diploïde soorten en 
tetraploïde cultivars. Zijn de betrokken diploïde kruisingspartners met colchicine 
tetraploïid gemaakt, dan blijkt voor sommige kruisingen in één bepaalde richting een 
tweede barrière te bestaan. 

Gebleken is dat hybridisatie van resp. de roodbloeiende D. cardinale tetra en D. 
nudicaule tetra met D. elatum cv. weinig perspectieven voor de Delphinium-veredeling 
biedt, daarentegen de soortshybride D. nudicaule x cardinale tetra (als ®) des te meer. 
In dit laatste geval zijn van deze drievoudige soortskruisingen fertiele nakomeling- 
schappen verkregen, die de gewenste combinaties oranje en ‘rood’ met groot- en 
semi-dubbelbloemigheid opleveren. 

Hoewel nog niets gezegd kan worden van de hybriden van D. elatum cv. en de geel- 
bloeiende D. zalil tetra, totstandgekomen in 1960, is introductie der gele bloemkleur 
via kruisingen met D. zalil X cardinale tetra door steriliteit der F, niet mogelijk. 
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Behalve tweevoudige soortshybriden is het eveneens gelukt langs onderling ver- 


schillende wegen drievoudige en viervoudige soortshybriden te verkrijgen. 
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ABSTRACT 


Comments are given on several critical points regarding the merits of reciprocal 
recurrent selection as a method in hybrid breeding. A review of definitions reveals that 
the method utilizes general combining ability only. In simplified terms some theory of 
population genetics is presented and used in comparing the effectiveness of reciprocal 
recurrent selection with that of recurrent selection for specific combining ability to a 
single cross. It is found that the latter method need not be inferior if at loci exhibiting 
overdominance multiple alleles mutually interacting in this way may be assumed to 
exist. Further comments concern the use of a constant tester, the expected interactions 
of testcrosses with years and places, and the possibilities of an immediate utilization of 
testcrosses in commercial hybrids. 

It is concluded that reciprocal recurrent selection should not be regarded as a short- 
cut but as a way to enhance the genetic diversity of breeding stocks for the future. 
Other methods may be preferable if one has the twofold need for an early output of 
better hybrids and a long-sighted improvement of the same material. 


1. INTRODUCTION 


Reciprocal recurrent selection was proposed by COMSTOCK, ROBINSON and HARVEY 
(3) as a breeding technique for improvement of commercial hybrids in diploid organ- 
isms. The authors concluded from theoretical considerations that the proposed pro- 
cedure, while superior to recurrent selection for general combining ability for loci 
exhibiting overdominance, would be more effective than recurrent selection for spe- 
cific combining ability with respect to loci at which there is partial dominance. Since in 
plant breeding practice each type of recurrent selection will require high investments 
of labour and time, any further information concerning the relative merits of the 
methods in question should be welcome. However, critical evidence from experimental 
comparisons between different schemes of recurrent selection is still lacking, at least in 
cultivated plants. Therefore it may be justified to add some points to the discussion. In 
the following we shall comment upon several theoretical and practical aspects of the 
reciprocal recurrent selection procedure, in part by comparing it to recurrent selection 
for specific combining ability. Our discussion will have a special view to the breeding 
of maize, but should apply also to other crops where commercial hybrids are feasible. 


1) Paper presented at the First Meeting of the “Maize” Section of Eucarpia, Rome, February 
23-26, 1960. 
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2. GENERAL AND SPECIFIC COMBINING ABILITY IN RECIPROCAL SELECTION 


We may anticipate some remarks concerning the terminology to be used. SPRAGUE 
and TATUM (13) introduced the term “general combining ability” to designate the 
average performance of a line in its crosses with a set of other lines. The term 
“specific combining ability” then refers to the cross of two lines, designating the 
deviation from the performance expected as the average of the general combining 
abilities of the two lines crossed. These definitions are substantially equal to those 
given by HENDERSON (7). Note that the lines (or individuals) involved need not be 
homozygous. The set of lines used as testers for general combining ability is usually 
regarded as a random sample of some population such as a variety, and can be re- 
placed by the population itself. It is customary in population genetics (see KEMPTHOR- 
NE, 10) to define the general combining ability of some genotype by means of its test- 
crosses to that particular population from which it had descended; also specific com- 
bining ability is then understood on an intra-population basis. In my opinion, general 
and specific combining ability might equally well be defined on an inter-population 
basis, i.e. with respect to the crosses of members of one population to some different 
tester population and its individual members, respectively. Both cases, although 
differing in their genetical consequences, would have in common the point stressed by 
CAUDERON (1) that testing for general combining ability means using a tester having a 
much broader genetical base than a tester appropriate for evaluating specific com- 
bining ability. 

Turning now to our subject we meet a somewhat paradoxical situation. With 
reciprocal recurrent selection, as is well known, desirable plants in a population A are 
selfed and outerossed each to several plants of a population B. Selection is based on the 
performance of bulked testcrosses which apparently provide a measure of the general 
combining abilities of individual A-plants to population B. Also, on the other side, 
desirable plants of population B are selfed and tested for general combining ability to 
population A. Thus we see that in reciprocal recurrent selection, although it was 
explicitly designed to make maximum use of both general and specific combining 
ability, there is actually no utilization of specifie combining ability, at least not in the 
earlier cycles when both populations are still heterogeneous. Despite of this, reciprocal 
recurrent selection may be very effective in enhancing the genetic diversity of two 
breeding stocks. However, such effectiveness will be due to the reciprocity of the 
testing scheme and not to selection of pairs of good specific combiners. On the other 
hand, one could well think of a reciprocal recurrent selection procedure modified in 
such a way as to base selection partly or entirely on specifie combining ability; and the 
latter case is clearly involved in the recurrent selection plan proposed by Hurr (8) in 
which an inbred line or a single cross is used as a constant tester throughout all cycles. 

It might be objected against our point of view that nevertheless there is some kind of 
specifical testing in the method of reciprocal recurrent selection. Such a claim would 
probably be based on the idea that both populations involved may be regarded as 
individual members of some super-population comprising all existing varieties of the 
species in question. Undoubtedly, general and specific combining ability might be 
defined with respect to the populations forming the members of this super-population. 
However, specific combining ability operating on such a level of genetic breadth would 
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hardly be comparable to that kind of specific combining ability which is utilized in 
Hurr’s method as well as in customary hybrids. 


3. EFFECT OF CHANGING GENE FREQUENCIES ON COMBINING ABILITY 


Going one step further we have to remind that the general combining ability of some 
genotype, even under specified environmental conditions, is not a stable property of 
that genotype but has an exact meaning only with respect to a given set of other geno- 
types serving as testers. Consequently, the general combining ability of a plant may 
change if the gene frequencies in the tester set change by selection or by other causes. 
For simplicity, we shall examine the situation for a random mating population derived 
from one segregating locus. It should be mentioned that in this case there is a direct 
correspondence of additive gene effects with general combining ability values. See 
GRIFFING (6) for the case when two or more loci are involved. 

We assume a population segregating for two alleles, B and b, which occur with 
respective frequencies p and q adding to unity, as depicted in table 1. Using a notation 
similar to that employed by COMSTOCK and ROBINSON (2) we symbolize the expected 
phenotypic expressions of the two homozygotes, BB and bb, by (c + u) (and c — u), 
respectively, and the expression of the heterozygote, Bb, by (c + au). Thus c stands 
for a constant, and 2u is the difference between the two homozygotes, while a reflects 
the degree of dominance operating at this locus. 


TABLE 1. GENOTYPIC VALUES IN A RANDOM MATING POPULATION DERIVED FROM ONE LOCUS SEGREGA- 
TING FOR TWO ALLELES (genotypic frequencies are the products of corresponding marginal 


frequencies) 
-G t , 
B gameten b | Marginal frequency 
Bt 33 (c + u) (c + au) p 
Q-Gametes 
Dn (c + au) (c — u) q 
Marginal frequency. . p q | 1 


Now consider the general combining abilities of two gametes (or inbred lines) one of 
which carries the allele B whereas the other one has allele bh. The two gametes (or 
genotypes, respectively) are expected to differ in their general combining abilities by 
the amount of 


[plc + u) + qle + au)] — [ple + au) + q(e—u)] —= u + (q — pau, 


which is half the difference between the two homozygotes plus the term (q — p)au 
arising from the heterozygotes. This term, being positive or negative according to 
which allele is more frequent in the population, will affect the general combining 
ability difference proportionally to the value of a which specifies the level of dominance 
operative at the locus in question. The way in which the general combining ability ex- 
pectations of B-gametes and b-gametes change with changing gene frequencies in the 
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tester population is shown for three different levels of dominance in figs. 1-3. In all 
cases the superiority of the “more favourable” allele B over b is greatest when its fre- 
quency, p, is zero in the tester population. However, with p approaching unity, the 
superiority of B, while still extant for loci with only partial dominance, vanishes for 
loci with complete dominance, and is even converted to inferiority of B in relation to b 
if there is overdominance at the locus in question. 


(1) Partial dominance (2) Complete dominance (3) Overdominance 
(a = 0:5) (a = 1.0) (a = 2.0) 


CC 


(0) Pa 1 


FIGs. 1-3. GENE FREQUENCY AND EXPECTED GENERAL COMBINING ABILITY (2.C.4.) OF TWO GAMETES, 
B AND b, FOR THREE LEVELS OF DOMINANCE 


The relations illustrated have obvious significance as to the effectiveness of reci- 
procal recurrent selection. In both populations under selection that part of genetic 
variability which can be utilized by the method consists of genotypic differences in 
general combining ability to the other population, and these differences are largely 
made up of “general combining ability”’-differences between the alleles available at 
individual loci. In each cycle of selection such allelic differences, being reciprocally fixed 
in size by the momentary frequencies of corresponding alleles in the opposite popula- 
tion, will determine the speed of advance by selection regarding the respective loci. 
Non-allelic interactions may also be operating, but will probably not seriously modify 
the general outcome. However, loci linked in the repulsion phase could show “pseudo- 
overdominance”’ even though dominance were less than complete at individual loci. 
For a discussion of the latter points see COMSTOCK and ROBINSON (4). 


4. COMPARISON BETWEEN TWO SCHEMES OF RECURRENT SELECTION 


The theoretical grounds outlined above provide a suitable basis for a comparison 
between reciprocal recurrent selection and recurrent selection for specific combining 
ability. In the latter method the tester used can be an inbred line as was assumed in the 
comparison presented by COMSTOCK, ef al. (3). However, a single cross tester could 
much easier be handled and utilized in a practical corn breeding program. Therefore 
it may be of interest to give some results of a comparison between reciprocal recurrent 
selection and recurrent selection for specific combining ability to a single cross tester. 

For loci at which dominance is far less than complete, reciprocal selection will 
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clearly be the better method with regard to the limit of improvement, since both popu- 
lations could be changed so as to contain the more favourable allele only. On the other 
side, selection for specifie combining ability does not provide for an improvement of 
the constant tester. If the tester is chosen so as to be a high yielding single cross, it 
would probably be heterozygous for the majority of the loci involved. 

The matter should be different for loci at which dominance is complete or nearly 
so. At the outset, both methods might be about equally effective. However, as in later 
cycles of reciprocal selection the frequency of the dominant allele increases in one or 
both populations, the speed of advance will slow down more and more, as is evident 
from fig. 2. On the contrary, selection for specific combining ability should have high 
efficiency from the first to the last cycle, if the tester single cross carries the dominant 
allele only with frequency 0.5 at most loci. It would be ineffective, of course, as to such 
loci at which the tester is homozygous for the dominant allele. This, however, would 
be the same with the other method. 

As regards loci at which there is overdominance, reciprocal selection tends to fix 
different alleles in the two populations involved. Which allele will be fixed in which of 
the two populations depends on the initial gene frequencies, and if the latter are about 
equal for both populations (i.e. if there is but little genetic diversity at the outset), 
selection may have poor or even zigzag effects, till finally a clear diversity of gene 
frequencies is reached in some way, thereby raising the efficiency of further selection. 
Here is one of the reasons why COMSTOCK, et al. (3) require that the two populations to 
start with should be as genetically different as possible. 

Turning again to selection for specific combining ability, an interesting problem 
arises with respect to loci exhibiting overdominance. Apparently, space for improve- 
ment would be extremely limited concerning such overdominance loci at which there 
are only two alleles available both of which are present in the tester single cross. But 
improvement as to such loci would surely be possible if more than two alleles inter- 
acting with each other in the overdominance fashion were available. Thus it is an im- 
portant question whether at certain loci multiple alleles mutually interacting in this 
way do exist or not. It may be mentioned that the same problem plays a critical role 
in the genetical theory of breeding synthetic varieties. 

Hurr (9), in commenting on the explanation of heterosis proposed by EAsT (5), 
makes the following statement: “He apparently did not accept that heterozygote 
superiority might be general, with multiple alleles affecting vigor. 1 do not accept it 
either as a likely proposition.” In opposition to this, I cannot see any reason why the 
ability of producing overdominance, if occurring at all, should be confined to only two 
alleles per locus. EasT’s very idea of one allele developing by successive steps of mu- 
tation into another allele suggests to me that such step-by-step diverging from each 
other in function could well go in more than one direction at any given locus. Even 
with only one line of divergence, two alleles at hand must not necessarily represent the 
two extremes possible. Finally it is beyond all dispute that within a block of several 
linked loci there can occur more than two different gene constellations all of which 
would show ““pseudo-overdominance” with each other. 

After all, it does not seem to be a constraining expectation that recurrent selection 
for specific combining ability to a single cross would be inferior to reciprocal recurrent 
selection concerning loci at which the heterozygotes surpass the homozygotes. Of 
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course, which of the two breeding methods is more efficient on the whole depends on 
what degree of dominance prevails in the material used. If for instance only partial 
dominance were the rule, reciprocal recurrent selection would offer greater potentiali- 
ties. 


5. PRACTICAL CONSIDERATIONS AND CONCLUSIONS 


Incidentally some more practical aspects of the methods in question will be com- 
mented upon. As pointed out by SPRAGUE (14) recurrent selection for specific com- 
bining ability implies the assumption that the tester used will be equally valuable in 
commercial seed production at the end of the procedure as it is at the outset. After a 
period of years it might well happen that the constant tester is surpassed by new lines 
with respect to seed production qualities or disease resistance, etc. However, the same 
event could happen even more to the improved populations, in that method as well as 
in reciprocal recurrent selection. In order to prevent such an outcome, each cycle 
should include a special selection of the selfed strains concerning the desired charac- 
ters, besides the evaluation of their corresponding testcrosses. In this respect the bree- 
der has not only to make compromises in selecting the strains but also to overcome a 
difficulty which forms a common (though seldom discussed) problem in most in- 
breeding programs: in as far as the value in commercial seed production depends on 
characters which are partly subjected to heterosis but required to be on some desirable 
level also in the more or less homozygous condition, efficiency of selection may be 
poor owing to masking effects of different heterozygosity levels of the selfed families. 
Examples of such characters include germination ability, tolerance to adverse climatic 
conditions, resistance to various diseases, etc. 

Another point raised by SPRAGUE (15) concerns the “hybrid x location” and ““hy- 
brid x year” interactions which are expected to be smaller with reciprocal selection, at 
least in earlier cycles, than with selection for specific combining ability. This may be 
regarded as a disadvantage of the latter method in as far as testing subjected to higher 
interactions must be extended over more locations and years in order to gain infor- 
mation of some desired degree of reliability. On the other hand, this disadvantage is 
perhaps partly balanced out by the fact that testing for specific combining ability 
furnishes that sort of information which is anyhow needed before the improved strains 
can be utilized in customary hybrids. In selection for specific combining ability to a 
single cross the testcrosses are equivalent to double crosses, and should therefore be 
subjected to interactions of similar size as to which double hybrids are subjected when 
grown in yield trials or in farming. If testing has been done on an adequate scale of 
environments, the very best testcrosses of each cycle could immediately be released 
for use as commercial hybrids, with the involved S,-lines being propagated and main- 
tained by sibbing, as described by WELLHAUSEN, WORTMAN, and PETERNIANI (16). In 
reciprocal recurrent selection a similar use of the best S,‚-lines would at least require 
some additional evaluation of specific combinations which then also would be subject- 
ed to interactions as high as are usually connected with double crosses. 

It can be reasoned, of course, that reciprocal recurrent selection is not intended for 
such an immediate use of selected strains in commercial hybrids. This argument con- 
firms the point of view that reciprocal recurrent selection is not a short-cut method of 
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breeding. Rather it should be regarded and used as a very promising way of enhancing 
the genetic diversity of the breeding stocks of to-morrow. However, reciprocal recur- 
rent selection may not be the most suitable method for a breeding program in which 
restricted investments have to serve the twofold need for an early output of better 
hybrids and a long-sighted improvement of the same material. Where this is the task to 
be accomplished, recurrent selection for specific combining ability to a single cross 
may prove to be an efficient procedure over a certain number of cycles, depending on 
the desirability of the constant single cross used. Of course, still other methods are 
possible in such situations. Several modified schemes of reciprocal selection have been 
proposed, and are being practised, in the new breeding work for hybrid maize in 
European and Mediterranean countries. Some examples can be found in publications 
by CAUDERON (1) and LASCOLS (11). As concerns a recent proposal of this sort we may 
mention a breeding scheme named ““alternating reciprocal improvement” (SCHNELL, 
12) which, although entirely based on specific combining ability, provides for a con- 
tinuous improvement of both components of a hybrid, and still permits an immediate 
commercial utilization in improved hybrids after each four-year-period forming a half 
cycle. 
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ABSTRACT 


A device (tent) is described which makes it possible, by using a cheap cooling plant, 
to test spinach plants for blue mould throughout the year, with 100 % success. It is also 
suitable for testing other crops for fungus diseases. The use of these tents has been 
adopted not only by the Institute of Horticultural Plant Breeding but also by the 
Dutch seed trade. 


INTRODUCTION 

Success with the blue mould test is a first essential to the breeding of spinach varie- 
ties that are resistant to Peronospora spinaciae. 

In the Netherlands this blue mould test succeeds well under glass in the autumn. In 
the spring, particularly during drought periods, it produces less satisfactory results, 
and in the summer months with their long days when temperatures under glass of 30 to 
40°C are normal and outside air humidity may fall to 30%, a blue mould test without 
control of temperature and air humidity offers little chance of success. 


THE BLUE MOULD TEST 


In order to be able to achieve satisfactory results, even with the quickest bolting 
varieties, a device has been developed which offers 100% chance of success under all 
summer conditions, without any “phytotron costs”. This device is shown in figure 3. It 
consists of a tube frame covered with large-mesh gauze (see figure 4), this being over- 
spread with plastic. The gauze prevents the plastic from sagging. Under this frame, on 
a concrete or tiled floor, trays are placed which contain the young spinach plants (at 
the cotyledon stage) to be tested for blue mould. Suspended over this plastic cap is a 
metal water tube provided with 1 mm holes, spaced 10 cm apart, from which cooling 
water of about 12°C spouts up. This row of jets is broken against a slightly down- 
curved plate (13 cm from the tube, see figure 5) so that the cooling water rebounds from 
the plastic cap‚ partly in drops, partly as a mist. This cool water film of 12°C, measured 
near the tap, keeps the temperature under the plastic cap below 15-20°C, even on the 
hottest days (see figure 2). 

The cooling effect is not obtained. by evaporation but by conduction. Moreover, the 
water flowing over the tiled or concrete floor, which also passes beneath the trays 
(which have to be placed at some distance from the soil, e.g. on a wooden frame) 
causes the air humidity to fluctuate between 90 and 100%. Thus both temperature and 
air humidity are optimal for the breeding of blue mould spores and the contamination 


of spinach plants. 
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WORKING WITH THE TENT 


On sunny days the apparatus has to be shaded. On the south and west side matting 
can be used for this purpose, while over the tent a slatted frame can be placed on a kind 
of staging. Light should not altogether be excluded, however, so it is desirable to 
have the walls around the tent, the matting etc. painted white (fig. 3). 

The plants contaminated at the cotyledon stage need not be kept permanently in the 
blue mould tent. After at least three hours the infection is completed so that the trays 
can be taken out of the tent. They have to be returned to the tent after about 8 days in 
order to favour the sporulation of the fungus (see SNEEP, 1957). At the end of some 12 
hours during the second stay in the tent the first fungus spores should manifest them- 
selves. The susceptible control should be completely diseased 14 days after contamina- 
tion, so to make sure it will be necessary to keep the trays in the tent for a week. In a 
trial sown on June 1, 1959, and contaminated on June 9, all plants were found to be 
diseased on June 23, so exactly 14 days after contamination. All of the varieties con- 
cerned had been permanently kept in the tent after contamination. However, when the 
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Fig. |. PERCENTAGE OF DISEASED PLANTS RECORDED ON DIFFERENT DAYS IN TWO VARIETIES, VIZ. KING 
OF DENMARK, A VERY SUSCEPTIBLE, SMOOTH SEEDED, SLOW BOLTING SUMMER VARIETY, AND 
EERSTE OOGST, A SLIGHTLY LESS SUSCEPTIBLE VARIETY, PRICKLY SEEDED, IN SUMMER VERY 
QUICKLY BOLTING SPRING VARIETY FOR PRODUCTION UNDER GLASS. 


Graph at left: Variety Koning van Denemarken (King of Denmark); sown on June 1; con- 
taminated on June 9. 

Continuous line: Percentage diseased plants; plants permanently kept in tent; number of 
plants tested: 233. 

Dotted line: Percentage diseased plants; plants placed outside from June 10-18, after which 
they were placed in tent; number of plants tested: 250. 

Graph at right: Variety Eerste Oogst; sown on June 1; contaminated on June 9. 
Continuous line: Percentage diseased plants; plants permanently kept in tent; number of 
plants tested: 209. 

Dotted line: Percentage diseased plants; plants placed outside from June 10-18, after which 
they were placed in tent; number of plants tested: 209. 
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Fia. 3. THE BLUE MOULD TESTING APPARATUS IN OPERATION. THE PLASTIC HAS GOT DIM ON THE INSIDE 
DUE TO THE HIGH HUMIDITY OF THE AIR IN THE TENT AND THE COOLING EFFECT OF THE WATER. 


Fia. 4. THE FRAME COVERED WITH LARGE-MESH GAUZE. 
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FIG. 5. CROSS-SECTION OF A BLUE MOULD TENT. 


Hm 6 


Fig. 6. A LOOK INTO THE TENT. THE SPINACH PLANTS HAVE JUST REACHED THE STAGE IN WHICH THEY 
CAN BE INFECTED WITH BLUE MOULD SPORES. 


TESTING SPINACH FOR BLUE MOULD RESISTANCE 


same varieties were placed outside for 8 days after contamination they were not 100 % 
diseased until June 26. Owing to the drought the plants outside had to be watered at 
regular intervals. See the graphs. 

For a tent measuring 2.76 x 1.35 m about 8 litres of water per minute is needed. As 
soon as the outside temperature falls below 15°C the tap should be closed. This is 
either done by hand or by means of a thermostatically-operated electric valve. If the 
number of samples to be tested is small the trays need not be taken out of the tent 
after contamination (the first symptoms of the fungus already show up at the end of 6 
days). If a greater number of samples has to be tested, the tent can be used as a “testing 
station”, and it will be wise to sow the samples at intervals of, say, two weeks, in order 
to be able to pass them through the tent regularly. 


RESULTS 
An impression of what can be achieved with the tent is provided by figures 1 and 2. 
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Fig. 2. TEMPERATURE (ABOVE) AND AIR HUMIDITY (BELOW) IN THE TENT SHOWN IN FIGURE Ó6 DURING 
THE PERIOD 9-16 JUNE 1958. 


The upper graph shows the temperature in the tent 
— unclouded 

— half clouded 

slightly clouded 

— entirely clouded 
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— maximum temperature of outside air at a height of 10 em in the shade 
The lower graph shows the air humidity in the tent 


@ — minimum air humidity of outside air 
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SOME EXPERIENCES WITH OTHER CROPS 


The tent described above has also been used to test other plants for various fungus 
diseases. For instance, endive was tested for Marssonina panttoniana, peas for Peronos- 
pora viciae, and Viola tricolor for Peronospora violae. All these tests produced satis- 
factory results. 


SAMENVATTING 


Een goedkope methode om spinazieplanten gedurende de zomermaanden 
op wolfresistentie te toetsen 


Er wordt een apparaat (tent) beschreven dat het mogelijk maakt d.m.v. een weinig 
kostbare koelinstallatie, ook gedurende de droge, hete zomermaanden, spinazieplan- 
ten een wolftoets te geven, die 100% kans van slagen biedt. Behalve voor het toetsen 
van spinazie op wolfresistentie, bleek het ook mogelijk andere gewassen op diverse 
schimmelziekten te toetsen. De tent is niet alleen in gebruik bij het Instituut voor de 
Veredeling van Tuinbouwgewassen, maar ook reeds bij Nederlandse selectiebedrijven. 


REFERENCE 


SNEEP, J., De stand van de veredeling bij spinazie. Meded. I.V.T. nr. 113 (1957): 155-158. 


34 


Euphytica 10 (1961): 35-42 


THE EFFECT OF R-GENES FOR HYPERSENSITIVITY 
IN POTATO-LEAVES ON TUBER RESISTANCE 
TO PHYTOPHTHORA INFESTANS 


L. ROER AND H. J. TOXOPEUS &) 
Received 5 December 1960 


ABSTRACT 


Breeding material of potatoes containing the genes R,, R, and Rs, single or in com- 
bination, was tested for its resistance in the flesh to five different races of Phytophthora 
infestans. 

There was a considerable variation in response, from extreme hypersensitivity with 
no necrosis visible with the naked eye to cases where the tuber hardly showed any in- 
hibition at all to the growth of the parasite. 

It appeared that the effect of the genes R, and R; in the tubers was very different 
from that exerted in the foliage. However, a correlated effect of the gene R‚ cannot be 
denied. 

The results are compared with those obtained by LEHMANN in 1938 and in great 
outline they agree very well. 


INTRODUCTION 


Since the discovery of the major genes (R) governing the hypersensitivity reactions 
of the foliage of the potato plant to late blight, much attention has been paid to this 
kind of resistance. Reliable methods have been developed for testing and selecting 
breeding material with resistance to the different races of the parasite that developed 
rapidly after the establishment of varieties carrying various R-genes. 

For the problem of preventing loss from attack by Phytophthora infestans not only 
the reaction of the foliage is important but also, and may be even more, the reaction of 
the tubers. 

Now that gradually more material carrying different R-genes and their combinations 
become available, the question arises as to the influence of these genes on tuber 
resistance. 

The present publication reports on observations made in breeding material devel- 
oped at the Institute for Agricultural Plant breeding and the Foundation for Plant 
Breeding at Wageningen. The studies were made during the stay of the junior author 
(Roer) in Wageningen in the winter 1956-1957 and the following year by the student 
J. J. HARDON, who worked at additional and closely related material and partly at the 
same clones for comparison. Our results closely agreed and so the outcome of his work 
has been added to ours. 


1) LARS ROER, Norges Landbrukshgiskoles Ákervekstforsgk, Vollebekk, Norway. 
H. J. Toxopeus, Institute of Agricultural Plant Breeding, Wageningen, The Netherlands. 
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MATERIAL AND METHODS 


The breeding material was derived from backcrossing and intercrossing of demissum- 
tuberosum backecross hybrids. It contained the genes R‚, Rs, R3 single or in combina- 
tions and was tested for resistance to the races 4, 1.4, 2.3, 2.4 and 1.3.4 of Phytophthora 
infestans. On account of the fairly small number of tubers available, the tests were 
carried out in two replications, each comprising three tubers per clone for each race of 
the parasite. 

The strains of Phytophthora used were all but one isolated in the Netherlands. A 
control test, taken by the end of these studies proved that no change or admixture had 
taken place during the experiment. 

For inoculation the tubers were wounded at the stem end with a small corkborer to 
a depth of about 4 mm. A droplet of a zoospore suspension was placed on top. No 
special measures were taken to make the suspensions of the same density; the number 
of swarmspores, however, was very large and doubtless much in excess of the quantity 
required for establishing a heavy infection in susceptible tubers. 

After storing at room temperature for five days, the inoculated tubers were cut 
longitudinally, placed in wet turf and covered with dutch lights in a glasshouse at 
about 15°C. Observations on tuber necrosis and on sporulation of the fungus were 
made 5 and 10 days later. The occurrence of decay due to bacterial growth in sus- 
ceptible varieties usually made further observations impossible. 


RESULTS 


The tissue of the host tubers varied considerably in its response to the invasion by 
the parasite: from extreme hypersensitivity with necrotic areas, too small to be visible 
with the naked eye, to the other extreme where no inhibition of the fungus could be 
observed. In certain cases the tuber showed a layer of necrotic tissue extending but a 
few mm under the periderm over the greater part of its surface. Typical for this necro- 
sis was a very hard structure and generally after cutting the tuber there was very little 
sporulation. In other cases brown traces with sharply bordered edges were seen in the 
tissue near the point of inoculation. Here, too, aerial mycelium was usually lacking. 

Owing to these varying reactions it was often difficult to decide whether a variety 
should be considered resistant or not. However, by careful examination, whereby the 
area of necrotic tissue as well as the development of aerial mycelium were taken into 
account, a reasonably satisfactory attempt could be made to evaluate the different 
degrees of resistance. According to the reaction observed the seedlings were arranged 
in groups symbolized as follows: 


0. Extremely hypersensitive &) No necrotic tissue or very sparse No aerial mycelium 


1. Highly hypersensitive Necrotic areas not exceeding Aerial mycelium mostly lacking, 
1.0-1.5 em from the inoculation at times a few sporangiophores 
present 
2. Moderately hypersensitive Some necrosis Scattered aerial mycelium in 
most cases 
3. Weakly hypersensitive Some necrosis Though always visible obviously 
inhibition of its development. 
4, Susceptible Neecrotic change proceeding Profuse development of aerial 
through the whole tuber mycelium. 


1) If in the following the word resistance is used it stands for hypersensitivity. 
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Generally there was a very good agreement between the different tubers within a 
clone, though in a few cases, especially with regard to mycelium growth some variation 
was observed. 

The results of the experiment are given in table 1, where the seedlings are grouped 
according to their R-gene constitution as assessed by testing the foliage. At the top of 
each group the reaction of the leaves is indicated for comparison (E). 

From a superficial survey it is already apparent that the tubers in many cases behave 
very different from what might have been expected if there were a very close correla- 
tion between their reactions and those of the leaves. 

When considering the seedlings individually the question arises as to how the classi- 
fication susceptible-resistant should be made. We are inclined to consider only clones 
with reaction 4 to be susceptible, all others, showing a various degree of inhibition of 
the development of the fungus, to be more or less resistant. 

Therefore the reaction 0 4 0 0 4 was assumed not to be fundamentally different from 
141 14,24224oreven from 3 43 3 4, though of course a sharp line between the re- 
actions 3 and 4 cannot be drawn. 

All 10 r hybrids devoid of R genes are susceptible to all races though there are 
differences in the speed with which the fungus proceeds through the tuber. 

Of 32 seedlings containing the gene R, the majority shows a strong inhibition of the 
races 4, 2.3 and 3.4 indicating an effect of R‚, comparable to that produced in the 
foliage. However, eleven are completely susceptible and cannot be accounted for by 
the presence of R‚. One seedling shows a quite strong inhibition of races 4, 1.4, 2.4 and 
3.4 and a weak one of 1.3.4. 

Among the four R‚-seedlings two are completely susceptible, one shows a weak 
hypersensitivity reaction to all races except 2.4 and a fourth a strong inhibition of race 
4 and a weak one to all other races. There is no indication of a special effect of Rs. 

No one of the 99 R-seedlings shows a reaction comparable to that indicated by the 
leaf spectrum 00044. 

Fifty one are completely susceptible and in addition 14 show a weak inhibition of 
one race only. A few indicate the leaf reaction of R‚and some even that of the genotype 
R‚R‚R3, more or less inhibiting all races. 

Two of the six R‚R-seedlings were susceptible to all races, the following three show 
a reaction typical of R,‚ plants while the last one shows more or less resistance to all 
races. 

Among 53 R‚R; seedlings only the last four show the leaf reaction typical for their 
R-gene constitution; nine are completely susceptible, while in a large majority the races 
4, 2.4 and 3.4 are more or less inhibited, probably as a consequence of the presence of 
R,. One seedling shows a severe depression of 1.4 combined with susceptibility to 2.4 
and 3.4. 

The R‚R3-material showed no obvious resistance except to race 4, observed in three 
seedlings. 

A varying degree of hypersensivity to the race 4 was found in all seedlings possessing 
the genotype R‚R‚Rs. Their resistance to the other races, however, was often doubtful. 
Two seedlings weakly indicate the leaf reaction of R‚-plants. 

Within an R-gene group a large variation as concerns the reaction on inoculation 
with a particular race of the parasite can be observed. This variation probably is caused 
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TABLE. 1. REACTIONS OF POTATO TUBERS OF DIFFERENT R-GENE CONSTITUTION AFTER INOCULATION 


WITH VARIOUS RACES OF PHYTOPHTHORA INFESTANS 
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by genes exerting small effects, partly derived from S. demissum but probably also from 
the common varieties occurring in the ancestry of the hybrid seedlings. 

As the seedlings of different R-gene constitution are members of the same hybrid 
families, their effect can be separated from that of the minor genes by comparing the 
average values (A) for each race within an R gene group. This supposition is valuable 
only when large groups are treated (R,, R3 and R‚R3). To facilitate the comparison 
they are put together in table 2. 


TABLE 2. COMPARISON OF THE AVERAGE DEVELOPMENTAL REACTIONS OF VARIOUS RACES ON DIFFERENT 
R-GENE CONSTITUTIONS (SEE ALSO TABLE 1 UNDER A) 


ak Number of Races of Phytophthora 
R-gene constitution seedlings 

3 4 1.4 2.4 3.4 1.3.4 
PoE 10 4.0 4.0 4.0 4.0 4.0 
RN rdc el zee matt 32 157 3.8 2.0 1.9 3.9 
Liar Te OR Ee EE 4 SI 355 3.8 3,9 Se) 
ENE En ea 99 Gr 35) 37 SI 3.9 
ER en ARE Ln 6 1.8 Sat 230 1.8 Bell 
RORE EL Nin At 53 192 3.6 115 1.8 3.8 
RAR Met rt nit bata 6 Ds) 3.8 3.8 Si Sv 
ORR aande ed 6 1.8 4.0 3,5 SL 4.0 


From table 2 as well as from the discussion of the behaviour of the individual seed- 
lings it appears that there is an obvious effect of R‚ comparable to that in the leaves 
though the group of completely susceptible seedlings cannot be accounted for. On an 
average it strongly inhibits the development of the races 4, 2.4 and 3.4 while 1.4 and 
1.3.4. are growing undisturbed. 

On the contrary the gene R} does exert little or no effect; there is hardly any differ- 
ence between the growth of races with and without the index 3, be it that the develop- 
ment of race 4 is somewhat more checked. 

On R‚Rg-seedlings the reaction of the races is nearly the same as on R‚-material. This 
fact stresses the lack of activity of the Rs gene. 

When comparing the small groups of R,- and R‚R-seedlings it is apparent that R, 
also does not manifest itself. In the R‚R‚-material the influence of R‚ again is clearly 
visible. In agreement with these data are the indications that a combination of R‚ and 
R3 does not cause any inhibition except of race 4. 

In the R‚R‚R3-material a weak indication of an influence of R‚ can be observed. 


DISCUSSION 


To enable a discussion of the data obtained in the above experiments the supposition 
was made that the effect of the R-genes in the tubers might be the same as can be 
observed in the leaves (table 1, E). It is evident that this supposition does not hold 
true, though a correlated effect of the gene R‚ cannot be denied. However in most cases 
its effect was much weaker than in the leaves and in 22 out of 97 plants containing R, 
the tubers were susceptible to all races. 
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In the leaves the presence of R‚ completely inhibits the development of all races 
devoid of the index 1, be it that small differences in the extent of the necrotic lesions 
and sometimes a few conidia can be observed (TOXOPEUS, 4). 

The variation in expression of the gene R, in the tuber is much larger and may be 
caused by a group of genes counteracting and in many cases even neutralizing its in- 
hibitory effect. In tubers of common varieties, devoid of R-genes, after inoculation, a 
large variation of mycelial growth of Phytophthora also occurs and without doubt this 
variation also has a genetical background. Whether these two groups of genes are 
related in some way or another can only be speculated on. 

The genes Ry and R; seem to have no effect at all neither as singles nor in combination. 

From these results it is apparent that the effect of an R-gene in the tissue of the leaves 
as a rule is very different from that exerted in the flesh of the tuber. Such differences of 
the manifestation of a gene in different tissues of an organism in fact are of very 
common occurrence and there is more reason to be surprised at the fact that R‚ has a 
notable influence than that the other two genes have not. 

In this connection an interesting observation made in the field many years ago by the 
senior author is worth mentioning. When surveying a large number of demissum- 
tuberosum backcrosses a plant was discovered which showed in its lower leaf axils 
small completely black shoots. After digging up the mothertuber appeared to be 
seriously damaged by Phytophthora. The plant contained the gene R; and the fungus in 
the tubers appeared to be race 4 (or a mixture of O and 4); obviously the tuber of the 
R; plant was very susceptible and the parasite had been able to grow into the young 
sprouts. However, in a certain stage of development of these sprouts the R3 gene be- 
came active resulting in a necrotic reaction of the tissue in which the fungus had 
penetrated. No myceliums developed when keeping the shoots under moist conditions, 
the fungus apparently succumbed as well. 


In 1938 LEHMANN (1) reported on a study about the relations between resistance of 
the foliage and of the tubers of a series of 50 demissum-tuberosum backcross-hybrids 
(FE, F's, F3, and F',). In this experiment eight different races of Phytophthora were 
used for inoculation. These races had been isolated from these hybrids in the course of 
1935 and 1936. 

At that time the analysis of the relation between the R-genes and the corresponding 
pathogenic races of BLACK ef al. were not yet made and for that reason it is not possible 
now to draw conclusions from his data as concerns the effect of special genes and to 
compare them with ours. However, it is possible to treat our data in the same way as 
LEHMANN treated his. 

His notes are sufficiently clear to allow of a comparison between both sets of obser- 
vations. In his table 5 the indications + and a with the foliage stand for hypersensi- 
tivity (presence of some R-gene). As concerns the resistance of the tubers + stands for 
our evaluations 0, l and 2; a for our evaluation 3 and — for 4. 

We studied the reactions of 206 seedlings on inoculation with five different races. 

The outcome of this comparison is summarized in the tables 3 and 4. 

When leaf resistance in the material with highly resistant tubers is compared, our 
results agree in that nearly in all cases the leaves were also resistant. Among the hybrids 
with medium tuber resistance half of LEHMANN’s material was susceptible in the leaves 
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and in our material only one in four. The tuber-susceptible material of LEHMANN 
showed an overwhelming majority of leaf susceptible plants while in our tests hyper- 
sensitivity dominated. 


TABLE 3. (COMPARISON OF THE DATA OBTAINED BY LEHMANN AND OURS WHEN ARRANGED ACCORDING 
TO TUBER RESISTANCE 


Material 
Tuber Leaves 

LEHMANN’s ours 

Highly resistant hypersensitive 144 231 
susceptible 0 11 

Medium resistant hypersensitive 32 114 
susceptible 27 Sil 

Susceptible hypersensitive 46 366 
susceptible 134 277 


TABLE 4. COMPARISON OF THE DATA OBTAINED BY LEHMANN AND OURS WHEN ARRANGED ACCORDING 
TO RESISTANCE OF THE FOLIAGE 


Material 
Leaves Tubers 

LEHMANN'S ours 

Hypersensitive highly resistant 144 231 
medium resistant 82 114 

susceptible 46 366 

Susceptible highly resistant (0) 11 
medium resistant 27 31 

susceptible 134 277 


The distribution of tuber resistance among the leaf-susceptible material is nearly the 
same in both groups of material. However there is a great difference when considering 
the hypersensitive seedlings. In LEHMANN’s material tuber resistance prevailed, in ours 
the tubers of more than half of our seedlings were susceptible. 

The above stated discrepancies in behaviour of both groups of seedlings may be 
ascribed to the fact that it is very probable that the distribution of the R-genes in both 
sets was very different. As the effect of these genes on the resistance of the tubers is 
widely different, the preponderance of one of them in one of the sets may very well 
cause such differences. 

MÜrrer, MEYER and KrINKOWSKI (2) state in a note “Ist das Laub resistent, so 
braucht noch nicht die Knolle resistent zu sein. Aber: ist die Knolle resistent, so ist es 
auf jedem Fall das Laub”. This statement is based on the outcome of testing the off- 
spring of ““W” material, in all probability containing the gene R‚. These results agree 
very well with our experiences and those of LEHMANN. 

An indication of the effect of the R, gene in the tubers and the lack of activity of 
R; in certain cases can be found in a publication by MÜürrer, CULLEN and KoSTRO- 
WICKA (3). In an F,-generation from a cross between “W” material and an old estab- 
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lished variety they found a close correlation between the reaction of the tubers and 
the foliage. In fact all seedlings whose tubers gave resistant reactions proved to be leaf 
resistant. Unfortunately the name of the “W” variety is not mentioned but it is most 
probable that it contained the gene R‚. Contrary to our observations tuber susceptible 
R‚-seedlings did not occur. 

When arranging our material according to its pedigree it appeared that in one 
family all eight R, seedlings showed the typical leaf reaction, while those ‘of other 
families were much more variable, several of the R, plants being susceptible to all 
races. It seems therefore that the genetical background in which the R‚ gene operates is 
of much importance for its expression. Ë 

In progenies of other types of crosses according to MüÜLrer “it is of fairly common 
occurrence that leaf-resistant plants have susceptible tubers’”’. As an example the 
variety Pentland Ace is mentioned. This variety contains the gene R3 and its suscept- 
ibility is in agreement with the outcome of our testing of Rj-material. 


SAMENVATTING 


De invloed van R-genen voor overgevoeligheid van het blad tegen Phytophthora 
infestans op de resistentie van de knollen bij de aardappel 


Onderzoekingen zijn bij de aardappel verricht over de invloed van de R-genen voor 
overgevoeligheid van het blad tegen Phytophthora infestans op de resistentie van het 
vlees van de knollen. Daarbij werd gevonden dat het gen R‚ in de knol dikwijls een- 
zelfde reactie veroorzaakt als in het blad. Wanneer de genen R,en R3 alleen of in com- 
binatie aanwezig zijn, is er geen correlatie tussen blad en knolreactie te onderkennen. 

Een onderzoek naar de correlatie tussen de resistentie van knol en blad in dit mate- 
riaal wees uit dat een hoge graad van resistentie in de knol in vrijwel alle gevallen 
samengaat met overgevoeligheid van het blad, terwijl materiaal dat vatbaar is in de 
knol zowel vatbaar als overgevoelig in het blad kan zijn. Uitgaande van de blad- 
resistentie is het zo, dat overgevoeligheid van het blad in het geheel geen aanwijzing is 
voor resistentie in de knol terwijl daarentegen planten met vatbaar blad zeer overwegend 
vatbare knollen bezitten. 

De resultaten van ons onderzoek en die van LEHMANN stemmen in dit opzicht in 
hoge mate overeen. 
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ABSTRACT 


Crosses between early and late heading timothy plants produced plants of an inter- 
mediate type which gave the impression of being valuable for breeding purposes. 

The F‚- and F,-generations are described. The F, was fairly uniform. The parent 
types were scarce in the F, which is explained by the autohexaploid character of timothy. 


INTRODUCTION 


Timothy (Phleum pratense L.) is valued in the Netherlands especially for its winter- 
hardiness, palatability and high yielding capacity. The species is therefore included in 
mixtures of more-year leys and permanent pastures. 

Until 1959 only hay and pasture types were grown in the Netherlands. The former 
are types with an early development and early heading, but with smaller sward forma- 
tion and grazing resistance. The pasture types develop slowly in spring; however, they 
shoot late and form an excellent sward. For seed production their late flowering has 
the disadvantage that seed-ripening and harvest fall in a season when weather condi- 
tions are getting worse. On account of their slow development their production is 
lower than that of the hay types. 

This division in hay and pasture types is not at all uncommon in grasses, but in 
timothy the difference between the types is striking. This is not only apparent from 
studying the strains but also when stock is taken from the material in indigenous grass- 
lands. It was found that in old grasslands preponderantly pasture types occur: in the 
younger grasslands hay types are more frequent while intermediate types are almost 
lacking. This gives the impression that only the pasture type is indigenous in our 
country and that the early types are only found in places where they have been sown. 
In table 1 some figures are mentioned which are derived from populations (1). 


TABLE 1. TIME OF EAR FORMATION OF TIMOTHY POPULATIONS AND STRAINS IN 1953 


Number of | 26/5 to 6/6 | 7/6 to 19/6 | 20/6 to 14/7 


Pasture or strains plants %% / 0% 
Fields older than 30 years .. . . . 4223 1 2.5 ko O5 
Bels P21 30 eanss Bers Hunts 226 23 2.0 75 
EIS 20 VearS waan genen reren dn 181 96 0.5 359 
Omforeien strains …… … …. … « 421 99.5 — 0.5 


However, the rare intermediate types seem to be valuable for grassland husbandry 
since with these types a faster development and earlier seed production can be expected 
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than in the case of pasture types while their sward formation and grazing resistance 
are better than that of the hay types. But to raise a new strain it would be necessary to 
collect and study an extensive starting material. 

Fortunately also other ways are open to develop these intermediate types. For in- 
stance special finding places can be searched for where the sward contains a higher 
percentage of these types, as appeared to be the case on the forelands of the river 
Meuse. The plants from these places, however, were of a poor quality and the popula- 
tions were badly infested with choke, Epichloë typhina (Pers) Tur. 

Secondly attempts can be made to search for desired plants in the offspring of rela- 
tively late heading hay types and relatively early heading pasture types. Finally the 
diversity of forms can be increased by crossing early and late clones. 

These three methods have been tried at the Foundation for Agricultural Plant 
Breeding. As the last-mentioned method has yielded the most promising results it will 
be discussed in this article. 


MATERIAL AND METHODS 


It was obvious to cross clones that had been already previously subjected to selec- 
tion. As emasculation in timothy is practically impossible clones were used which with. 
compulsory self-pollination had given. only little or no seed. 

It was not difficult to secure flowering culms of early and late clones at the same 
time. For this purpose the property of timothy to produce culms in the second cut was 
used. At different times some plants were cut from the hay type clones (which. each 
consisted of 10 plants). In the regrowth of these clones a series of flowering dates was 
obtained of which one mostly coincided with the flowering of the late clones which 
continued to grow undisturbed. Thus, through bagging in the culms of about the same 
development, three early clones could be crossed with three late clones. 

In these procedures therefore six parent clones were used which as groups were very 
different. Although this basis seems sufficient to build a strain on it is preferable to 
start from a larger number of crosses. However, our aim was only to examine the 
method. 

In describing the hybrid populations often use has been made of the date of ear 
emergence introduced by JENKIN (2), viz. the date when three inflorescences emerge. 
These observations are simple and can be taken objectively, they are a measure for the 
earliness of the plants and offer an approach for the time of flowering. According to 
our data full flowering of timothy follows some four weeks after the date of ear emer- 
gence estimated in this way. 

The observations on the dates of ear emergence were mostly made twice a week, so 
with intervals of three and four days. 


F 


After raising them in the glasshouse in flats F‚-plants were planted at distances of 
40 x 50 cm in the field. They developed satisfactorily and gave the impression to be 
productive. Their earliness was intermediate as compared to the parents while the 
spreading in time of ear emergence was fairly small. This distribution of the dates of 
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ear emergence in the second year after sowing is presented in table 2. The cross 19 x 44 
gives the widest spreading which suggests some influence of inbreeding. The appear- 
ance of the early heading plants gave the same impression. However, this inbreeding 
can only explain the spreading to earliness since the cross 19 x 44 was harvested on the 
early heading plant. 


TABLE 2. DATE OF EAR EMERGENCE OF THE PARENT PLANTS AND THEIR F‚-POPULATIONS IN 1955 


Date of ear emere Number of Dates of ear emergence in F‚-plants 
Parent clones 


gence in parent clones | _ Fs-plants Dee 2 3 4 5 6 7 7 
LO7s ee L2 SD 50 LOS 
UD O7 DEE 8 125 1 19 100 5 
LOO 29 DD 100 10 | 34 | 54 2 
29 x 109 DH) 25 (ler ille AES 
44 x 19 OE 50 2) DES SMN 
19 x 44 Dak 99 lan 236 AN a LO ke ed, 3 6 


* Date of ear emergence 1955 derived from data of former years 
** Every date of ear emergence correspondends with a calendar date. 


The Fy-plants whose dates of ear emergence fell in the desired stage and which as 
concerns production and quality gave a good impression, flowered in 1955 in the field 
while the other plants were cut off before flowering. Compulsory self-pollination of the 
selected plants by enveloping 10 inflorescences gave poor results. This seems obvious 
since on purpose the experiments were started with little self-fertile parents. 

After the seed harvest the selected plants were increased to clones. The resulting 
seed was sown in rows of 2 meters and in 2 replications the next year, while at the 
bottom of each row 10 spaced individuals were planted. In the following year this 
experiment was repeated with exclusively individual plants. 


The Fy-generation 


In table 3 the times of ear emergence of the F‚-plants are presented. For comparison 
the S.V.P. selections “early erect’ ’and “late erect”’ based on comparable starting mate- 
rial had been included while the clone 19-offspring (clone 19 was one of the parents) 
could be studied as well. For comparison two Dutch varieties were included in the trial, 
viz. Barenza hay-type and Sceempter pasture-type. The majority of the progeny-plants 
falls between the dates of ear emergence of the original parents and also between the 
early and the late S.V.P.-material. The column under date of ear emergence 4 mentions 
many plants which according to the table have the same date of earing as clone 19 but 
it should not be forgotten that these observations were made every half week. Thus an 
interval of some days remains between the plants of every date of ear emergence. In the 
field observations the real parent types occur very rarely. The photos (figs. 1-3) give a 
picture of some parent plants and of a clearly segregating part of the F,. The data of 
the following years agree with those of the table below and therefore have not been in- 
cluded. 

For seed production a regular flowering and maturity is desirable. Therefore the 
segregation per family also deserves attention. This segregation cannot be deduced 
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TABLE 3. DATES OF EAR EMERGENCE OF PARENT PLANTS, THEIR F2-POPULATIONS AND SOME OTHER STRAINS 


IN 1957 
Date of ear Ninaber ok Dates of ear emergence of Fs-plants 
emergence of plants 
parent clones 1% 2003 F4 SORT ESR OPT OL TED 
Barenza hay-type 20 SL 
SVP early erect 20 ik 1 
19 4 20 Ae d4 2 
44 Xx 19 Pek en PL 215 LAA ORT A71 S a 
19 x 44 be orn 99 2018145308 
107 x 12 IO 54 De 98 BSMI SNS OMS BEL 
12077, Die JD 232 INS ARS ROR A2 nl 
109 x 29 te 218 B Gh Gd 1 
29 xX 109 DS Il 59 2ONTOMLS EROL 
SVP late erect 20 1 IPS 
Sceempter pasture-type | 20 (OS 


* Date of ear emergence 1957 derived from data of previous years. 
** Every date of ear emergence corresponds with a calendar date. 


from the foregoing table because the groups of families have been combined. In general 
the course of ear emergence per family of 20 to 50 plants takes half a week more than 
in the case of the pure early or late types. Some progenies were favourably distinguish- 
ed for this property, others made a less favourable impression, so that selection for 
this feature certainly offers prospects. There was a close relation between the heading 
time of the F‚-clone and the average heading time of the corresponding F‚-family. 

Although it is not admissible to take the heading time as an absolute measure for the 
flowering time, the former can be considered a measure for the latter. However, it 
should be kept in mind that in clones derived from crosses, also those which shoot 
about the same time as the early clones, yet the time between ear emergence and 
flowering, and ear emergence and ripening time is longer than in the case of the pure 
hay types. When separate plants were allowed to produce seeds it was established that 
there was a fairly wide variation in the hybrid clones as concerns the time between ear 
emergence and ripening so that this should be also considered in selection procedures. 

So far only some experience was gained with the seed production of separate plants 
and clones. In an experiment in 1957 including 3 hay-type clones and 16 hybrid clones 
the average seed production of the hybrid clones was about 50% of that of the hay 
types. The yields were widely variable because the best hybrid clones produced 89 % of 
the hay types. 

In 1960 of 15 hay-type clones an average seed set was found of 44.0 mg/cm spike- 
length, in 20 pasture type clones 21.3 mg/em, while 33 hybrid clones produced on 
average 29.4 mg/cm. In this case also the hybrid clones therefore hold an intermediate 
place. 


An other important feature is the production of green matter. The data derived 
from weighing and taxation always confirmed that the production capacity of the 
hybrid clones lies on a high level. A comparison with the parent plants is difficult be- 
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cause the production of the main crop falls at a different time which actually comprises 
the value of these crosses. 

The data obtained from some broadcasted plots are also interesting. In the first 
place it could be clearly observed that the sward formation of the hybrid strains was 
intermediate between the fairly open sward of the early strains and the very dense one 
of the pasture types. 

By measuring the length of the crop in spring it has been tried furthermore to fix the 
differences between the divergent types in figures. Table 4 gives the results of these 
measurements over two years. Of every strain three plots were sown while on every 
plot the height was measured four times. The figures mentioned are therefore averages 
of 12 measurements. 

Of the two hybrid strains A has been selected more for earliness. They both take an 
intermediate position between the pure early and pure late strains. 

In these measurements the growth habit also plays a role which is apparent from the 
fact that the hybrid strain A has formed an equally high or higher crop as compared 
with the prostrate hay type which is all the same earlier. The influence of the growth 
habit on the height of the crop is also apparent from the column “early strains”. 

Pasture type l is an example of what can be achieved by selection for earliness in a 
pure late type. Although some progress has been made it was clearly later than the 
hybrid strains. 


TABLE 4. EARLY DEVELOPMENT OF TIMOTHY AS MEASURED IN HEIGHT-CM 


4 May 1959 20 May 1960 
Earlvserec GEMEEN 29 39 
Barlyghalflerec EMR 217 36 
Barlvapsostratenn eneen 24 30 
Hybrid strain A (F-2) .. ... 25 31 
Hybrid strain B (F-2) ..... 21 DI 
BaStutertvpes enen EU 18 22 
Basturentype sE 13 20 
PAStULet ype ANNEE 12 (7 
DISCUSSION 


From the results obtained it is apparent that crossing early and late heading timothy 
plants offers a possibility to enlarge the diversity of forms of this species. In this man- 
ner intermediate forms arise which are rare in grasslands in the Netherlands. Intro- 
ducing these hybrids in a breeding programme could lead to a variety which for 
earliness, sward formation and grazing resistance is intermediate between the hay 
types and the very late pasture types which might be replaced by the new variety. 

It is obvious to base such a variety on F‚-clones whereby the selection should be 
directed especially to an even flowering and ripening of the progenies in order not to 
render seed production too difficult. The study of F‚-populations has shown us that 
there are good possibilities for this objective. How the segregation in later generations 
takes place will be investigated in more detail. The first impressions of a number of 
F3-families are favourable; however, these data are not yet ripe for publication. 


47 


G.E. VAN DK 


The simple way in which a cross can be made may be considered a proof that spon- 
taneous crossing is also possible. In this connection we think of places where early and 
late types are sown and clumps are formed, as in the case of coarse grazing or on sides. 
This assumption gains in probability when considering that in the populations collected 
from grasslands in the Netherlands some very rare plants were found which through 
their outward appearance and heading time suggest that they have originated in this 
way. 

Finally the recommended method has also a general aspect. The fact that in the F, 
the parental types emerge in a small percentage agrees with what on the basis of the 
polyploid character of timothy (which is known as an autohexaploid) can be expected. 
STEBBINS (3) has pointed out that in polyploids every quantitative property is based on 
a large number of genes while the variation is mostly not larger than in diploids which 
would suggest a smaller effect per gene. 

In propagating intermediate hybrids account should be taken of so many inter- 
mediate types that the changes are only gradual and the hybrid character is not readily 
lost. In cross fertilizers where some plant-to-plant variation is permitted or even 
desired this can be an advantage. 

The experience gained in these crosses agrees with this consideration and draws 
attention to the fact that polyploid cross fertilizers which in breeding programmes are 
often considered as difficult crops, have great advantages when crosses between distant- 
ly related types are involved aiming at the maintenance of the hybrids concerned. 


SAMENVATTING 


Kruising tussen vroeg- en laatschietende timotheeplanten 


Bij timothee bestaat een groot verschil tussen de hooitypen en de weidetypen. Daar 
tussentypen in de verzamelde populaties zeldzaam bleken te zijn, werd onderzocht 
welke perspectieven kruisingen tussen vroege en late planten bieden. 

Van kruisingen tussen drie late klonen en halmen uit de tweede snede van drie 
vroege klonen worden de F, en F‚ planten beschreven. De schiettijden in beide gene- 
raties gevonden lagen ongeveer intermediair ten opzichte van de kruisingsouders, wat 
ook voor andere eigenschappen als bijvoorbeeld zodevorming het geval was. De pro- 
ductiviteit lag op een hoog niveau. 

De uniformiteit voor de schiettijd bij vele families in de F, was veelbelovend, het- 
geen in verband gebracht wordt met het autohexaploide karakter van timothee. Ge- 
suggereerd wordt daarom weidetype rassen van timothee aan te vullen of mogelijk te 
vervangen door kruisingsrassen, die voldoende zodevorming en beweidingsresistentie 
kunnen combineren met een snellere ontwikkeling dan de zuivere weidetypen. 
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CROSSES BETWEEN EARLY AND LATE HEADING TIMOTHY 


Fig. 1. EARLY PARENT PLANT OF TIMOTHY 
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ABSTRACT 


Ll. Scorzonera is somewhat erratic in seed setting, but outdoor pollination is much 
better than pollination in glass structures. Selfing the plants by bagging some 
flowers of each plant together with flies did not give a lower seed setting than open 


pollination under the same conditions (see table 1). 
Vegetative propagation of Scorzonera-roots is relatively easy. 


2. The polycross method for selecting the best parent plants proved very successful. 
About eight per cent. of the plants, initially selected for phenotypically good 


characters, were found to produce a good progeny (see table 2). 


3. The possibility of further improvement along this line by incorporating material 


from other sources will be tested next. 
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Scorzonera is a root vegetable of limited demand. But it is esteemed by those who 


know it well. It has a special flavour which makes very good dishes. 
Some factors handicap its becoming popular: 


The long roots can only be grown on light very deep soils with a continuous water 


supply. 
Digging the roots is rather laborious. 


Peeling and preparing the fresh roots in the kitchen takes more labour than most 


modern housewives are willing or able to provide. 
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The first and second handicap might be reduced by selecting a somewhat shorter 
root and harvesting it mechanically. 

The third difficulty can be met by mechanically or chemically peeling the roots, and 
offering them to the consumer in a canned condition. 

Scorzonera is now grown in Holland in a few places with a suitable soil, in holdings 
where there is a quiet period about november. The roots are dug by manual labour; 
where the soil is good they are wanted rather long, as a good length means a high 

ield. 
/ Because of the perennial character of Scorzonera it seemed attractive to try the 
polycross method for its improvement. The plants were still selected for a long, well 
filled but slender root, as this is the type adapted to the way of cultivation as yet in use. 


PROGENY SELECTION AND PARENT SELECTION 


About three quarters of a century ago progeny testing found its way in plant breed- 
ing as a means to verify the breeding value of selected plants (DE VILMORIN, 1886). 

Later different ways in using the method were developed. 

One way is to select good plants from a population, produce progenies of each of the 
selected plants, test them, select good plants from the best progenies, produce proge- 
nies of each of them, test them, and so on, thus repeating the cycle as often as needed. 
This is essentially progeny selection. 

Another way is to select good plants from a population, produce progenies of each 
of the selected plants, but keep the parents alive till the progenies have been tested, and 
then go on with the parents of the good progenies. This is parent selection. 

Of course, parent selection can only be used if the parent plants can be kept alive, 
either because they are naturally perennial or because they are artificially made so 
through vegetative propagation. As a rule this will only be practised if selfing of the 
parent plants is not promising. 

Now, as the parent plants are chosen on the basis of the performance of progenies 
which are the result of their being crossed with one or more other plants, the progenies 
show a blending of two things, the breeding behaviour of the individual parent plants 
and their combining ability. Since synthetic varieties and hybrids have proved in many 
cases to be superior to more homozygous single families or lines, this element of 
simultaneous testing for breeding behaviour and combining ability makes parent 
selection the more valuable. 


THE POLYCROSS METHOD 


The method of diallel crossings is the most specific one for finding the best parents. 
But it involves much work. H. N. FRANDSEN (1940) made breeding experiments with 
timothy, in which he compared the results of: 


a. parent selection after open pollination of the parent plants growing together in one 
plot and testing the progenies (this is what later was called the polycross method), 
and 


b. parent selection after diallel pair crossing of the parent plants. 
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On the basis of his results he suggested that the open pollination method (polycross 
method) could efficiently be used to find the good parents, which meant, in comparison 
with the diallel crossing, a great reduction in labour and costs. He suggested the follow- 
ing procedure: (1) selection of individual plants, (2) cloning them, (3) planting the 
clones in mixtures with a random distribution of the clone-members, and seed produc- 
tion, (4) evaluation of the progenies of the open pollinated clones, (5) composing a 
synthetic variety of the best clones. See also H. N. FRANDSEN and K. J. FRANDSEN 
(1948), K. J. FRANDSEN (1952, 1956, 1958). 

In the same way TYSDAL, KIESSELBACH and WESTOVER (1942) proposed to use the 
polycross method for testing the combining ability of lines, instead of the top-cross 
method, in order to find the best lines for the composition of synthetic varieties in 
alfalfa with much less labour and costs. The name polycross method was invented by 
these authors. They thought the adoption of the polyeross method worth while because 
in their experiments they had found significant correlation coefficients between hybrids 
and progeny of open pollinated inbreds for five characters studied, and between inbreds 
and progeny of open pollinated inbreds for four of the five characters studied. The 
yield of forage (vegetative mass) was the character for which in the latter case no sig- 
nificant correlation was found, which is no matter of surprise of course. Later TYSDAL 
and CRANDALL (1948) made experimental comparisons of single crosses, two kinds of 
top crosses, and a polycross to detect the best parents for a synthetic variety. The 
experiments confirmed that the polycross method could indicate the very best parents 
just as well as the other methods. 

The polyeross method as devised by TysDAL et al. for detecting the best parent lines 
was essentially similar to that of FRANDSEN for detecting the best parent clones. 

WELLENSIEK (1947, 1952), elaborating a method of breeding a variety of rye resistant 
to eelworms, tried to find a simple way to separate the plants homozygous for resistan- 
ce from the heterozygous plants. His reasoning was about as follows: 

If all plants are self-incompatible and AA is to be separated from Aa in a population 
of AA + 2 Aa then the two genotypes can be recognized on the basis of their progenies, 
produced by open pollination for 


AA Xx (AA + 2 Aa) will not give any aa-plants, while 
Aa X (AA + 2 Aa) will give a certain amount of aa-plants. 


If there is an amount of natural selfing in the individual plants the result will essenti- 
ally be the same. If more factors are involved the progenies with. the highest proportion 
of plants with desired characters will indicate the most homozygous parent plants. 

In combination with keeping the parents alive through vegetative propagation till 
after the evaluation of the open pollinated progenies, here was another way along 
which the polycross method was born. The difference was that FRANDSEN and TYSDAL 
et al. looked not only for good breeding behaviour but also for good combining 
ability, with the eye on the composition of synthetic varieties, whereas WELLENSIEK 
looked for breeding behaviour only. 

In the meantime the polycross method has been adopted by many breeders, espe- 
cially of forage crops. 
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PROPAGATION POSSIBILITIES IN SCORZONERA 


Vegetative propagation of Scorzonera is relatively easy. The root can be cut into 
many pieces, each of which will have the possibility to root and sprout in a proper soil 
medium in a glasshouse of medium temperature. Each root can be divided into 10, 15 
or possibly more pieces. We usually divide it into 10 pieces. 

Propagation by seed is the normal way to maintain a variety. Isolation in glasshou- 
ses does not favour seed setting. This can be concluded from the data of table 1. These 
data were produced as follows. 


In 1951 several roots of two varieties, Duplex and Eenjarige Nietschieters, were selected. In the 
beginning of 1952 they were made into clones of eight members each. Of each clone the members 
were placed under different growth conditions in 1953. The same procedure was used in the 1955 
experiments. In this way the influence of the growth conditions on a given genotype could be studied. 

Selfing in the glasshouse in 1953, in the isolation rooms in 1953 and 1955, and in the open air in 
1953 and 1955 was executed by enveloping some flower heads of a plant in a cotton bag; each bag 
was kept provided with living flies. 

Selfing in the isolation cages (small glass structures) was executed by placing one plant in each 
isolation cage, together with flies or bees. 

Open pollination in the isolation rooms was realized by putting bees in the rooms. In the 1953- 
glasshouse it was not possible to use bees for the open pollination, because the house was not insect 
proof. Open pollination in the open air was, of course, left to nature. 


TABLE |. THE EFFECT OF BAGGING AND NON-BAGGING IN GLASS STRUCTURES AND IN THE OPEN 


Variety: Duplex Variety: Eenjarige Nietschieter 

Year and growth Selfing Open pollination Selfing Open pollination 
conditions Number of plants Number of plants Number of plants Number of plants 
pollinated daan pollinated en pollinated ed pollinated Ae 
1953 Glasshouse 20 °C 2 0% 32 0% 8 0% 10 074 

1955 Isolation cages 29 17/4 — — 9 BDA — — 
1953 Isolation rooms 23 61/4 31 58% 5 20 9% 12 25 
1955 Isolation rooms 20 35% 20 50 % 12 DO 12 33/4 
1953 Open air 15 93% Dh) 5 4 100 % 5 80% 
1955 Open air 31 TA 31 TES 8 50% 8 0 


There was no seed setting in the glasshouse in 1953. Selfing of bagged flowers in the 
presence of flies was a complete failure. Open pollination gave no seed setting either. 
The relative humidity in this glasshouse was rather high (mostly 70-95 %). This may 
have been one of the factors which prevented seed setting. 

The result of selfing in the small isolation cages was also very unsatisfactory (17 and 
DAE 

In the isolation rooms (glasshouse compartments of 3 x 4m) seed setting was a little 
better but still not satisfactory (20-61 %). 

In the open air seed setting was mostly better than in any glass structure (50-100 %). 

Bagging the plants did not, under any of the conditions of these experiments, reduce 
the seed setting in comparison with open pollination. 
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PROGENY TESTING BY THE POLYCROSS METHOD AGAINST SELECTION OF PROGENIES OF 
SELFED PLANTS 


From the data of table 1 it can be concluded that selection of progenies of selfed in- 
dividual plants seems to be a practical possibility, if this happens under open air con- 
ditions. 

It is more attractive however, to select a limited number of good parent plants, on 
the performance of their progenies after polycrossing. It is not yet known to what 
extent freely flowering plants of Scorzonera do self- or cross-fertilize. If the extreme 
were true, that they were about 100% naturally selfed, polycrossing would give the 
same result as artificial selfing, with less labour. With an increasing amount of cross- 
fertilizing there will still be a certain amount of selfing, but there will, in addition, be an 
increasing chance that differences in combining ability will occur. This means that 
parents which possibly after selfing do not give a homogeneously good progeny, will 
do so after crossing with other individuals. Cross fertilizing also implies a greater 
chance of retaining or even increasing a certain amount of hybrid vigour in the result- 
ing composition of progenies. 

Therefore, by using the polycross method as compared with selection of progenies of 
selfed plants nothing is lost, and a more simple way of selection in addition to other 
possible advantages may be gained. 

As individual Scorzonera plants are reported to live about seven years the selected 
parents can be left together in a seed nursery for commercial seed production. By 
cloning them the number of seed producing plants can be adapted to the amount of 
commercial seed to be produced. The old parent plants should be renewed by vegetative 
propagation as soon as it is feared that they become weaker. 


POLLINATION IN A POLYCROSS NURSERY 


If the sample of pollen which produces the polyeross seed is not the same for each of 
the clones, the differences in performance between polycross progenies of different 
clones can be due in part to this non-random pollination as well as to differences be- 
tween the individual maternal clones. 

To approach this problem Hrrtre (1954), WASSOM & KALTON (1958), and Ives & 
THOMAS (1959) have for some characters compared the variance of the polycross pro- 
genies of the replications of a clone with the variance of error in the same experiment. 
The clone members are, of course, all of one genotype. Any differences that may be 
shown by the progenies of the clone members (the replications) can only be the result 
of different pollen samples in the different replications. The authors found that in some 
cases the replications of a clone showed significant differences and in some cases not. 
This proves that the pollen sample can be different at different spots of a polycross 
nursery. From these observations it has further been concluded that it is possible for 
different clones to be pollinated by a different combination of pollen samples in a poly- 
cross nursery. 

However, from other observations it was evident that the pollen samples in different 
spots in a polycross nursery must be different, for every more or less self-incompatible 
plant is predominantly pollinated by its direct neighbours. This was found by SNEEP 
(1950) for cabbage and by Wrr (1952) for Lolium perenne. 
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SNEEP planted squares of 3 Xx 3 or 5 X 5 plants (3 rows of 3 plants or 5 rows of 5 
plants each) of white cabbage in the middle of a field of red cabbage. There was open 
pollination for all the plants. The progenies in seedling stage of the white cabbage 
plants were evaluated for red and white seedlings. Red colour is dominant. The result 
was that in both cases the progenies of the plants of the outer square ring showed an 
average segregation of about 50 % white and 50 % red. Progenies of white plants which 
were separated by one row of white plants from the red ones, however, showed a 
segregation of about 70% white and 30% red. This demonstrates the predominant 
position of the direct neighbours in the pollination of a plant which is pollinated by in- 
sects as pollen carriers. b 

Wir planted east-west rows of Lolium perenne, each row consisting of members of 
one clone. Some of the clones were ‘rough’ (Tt), while most clones were ‘smooth’ (tt). 
The progenies of ‘smooth’ clones showed more or less segregation for ‘rough’ and 
‘smooth’ plants, depending on the distance, in numbers of rows between, from the 
‘smooth’ clone to the nearest ‘rough’ one. 

From the results it was calculated that the 6 nearest rows (3 on each side) provided 
749%, the 4 nearest (2 on each side) 62%, and the 2 nearest (one on each side) 40% of 
the pollination of a row. This again shows the predominant position of the nearest 
neighbours, this time for a wind pollinated plant. 

From these results it is evident that in a polycross nursery in which the clone repli- 
cations are correctly distributed, the pollen samples received by the clone replications 
must be different, as every clone replication has, according to plan, different neigh- 
bours. 

Pollination of each clone by a representative pollen sample is only a matter of a 
sufficient number of replications, as was also stressed by FRANDSEN (1940) and by 
WASssOM and KALTON (1958). We used 10 replications. As each individual plant gave 
plenty of seed, the seed produced by the individual clone members was not mixed. As 
we wanted to select in the first place the parent plants with a good general combining 
ability, the clones which gave varying progenies of the different clone members were 
discarded. 


REDUCTION OF ONE HUNDRED PARENT CLONES TO EIGHT 


In 1953 we grew a variety which a seed company had produced by means of mass 
selection. Phenotypically it looked rather good at that time, but is was certainly not 
yet stable. 

In the autumn we selected 100 nice roots. They were cloned and in April 1954 100 
clones of 10 members each. were planted in the polyeross nursery. They were grouped 
in such a way that each individual member of a certain clone had different neighbours. 

In 1955 seed was harvested; 161 plants had died before giving seed, and 62 lived but 
did not produce seed; the result was 777 bags of seed. They were sown in 1956 in a 
field at ’s-Gravenzande, belonging to a prominent Scorzonera-grower Mr. B. A. 
Boers. The soil of this field was favourable for a good development of the roots. The 
seed of each individual plant was sown in a separate row, the rows of the members of 
each clone together. 

In November 1956 the clones were evaluated. Mr. BOERS and Mr. E. VAN ZANTEN of 
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the Extension Service Naaldwijk, were invited to take an active part in this and follow- 
ing evaluations, to be certain that the judging would be in accordance with practical 
view points. For cultural value the clones were scored on a scale of 1-5, 5 representing 
best and 1 worst. 


TABLE 2. EVALUATION OF CLONES IN SUCCESSIVE YEARS 
Sn best 1 = worst 


Clone nr. 1956 1957 1958 1959 Average 
16 5) 4 4 4 3.8 
24 3 4 4,5 4 550 
52 4 44 3 5 4.1 
54 4 3 4 5 4,0 
62 3 4 4 Sai 

1 4 4 2 
3 4 4 2 
63 3 4 3- 5 3 
80 3 4 3 4 315 
2 3 4 D 
6 3 4 2) 
8 3 4 3 2 (2.9) 
23 4 D 
45 3 4 3 3 859 
53 4 2 
87 44 3 D 
88 4 3 2 
4 3 Bi 
5 3} 3 
19 3 3 
36 3 3 
47 3 3 
50 3 3 
59 3 3 
71 3 3 
78) 3 3 
78 3 3 
81 3 3} 
82 3 SE 2) 
83 3 3 
20 3 2 
21 3 7 
22 8 2 
33 3 2 
39 3 2 
48 3 2 
55 3 D 
72 3 2 
89 3 2 
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Of some clones all or nearly all members were rather good, of other clones the mem- 
bers differed very much. The latter were discarded, as were those which were too short, 
too thin or too light in colour. At the first evaluation 39 clones were selected for further 
trial. In 1957 these 39 clones were in the same way reduced to 16, these were reduced in 
1958 to 9 and 1959 to 8. The ratings given in the successive years are presented in 
table 2. 


TESTING THE RESULT AGAINST OUTSTANDING COMMERCIAL VARIETIES 


In 1960 equal weights of the seed of clones 16, 24, 45, 52, 54, 62, 63 and 80 were 
mixed, indicated as L.V.T.-seed (3, 4, 5) and also equal weights of the seed of clones 52, 
54 and 63, indicated as 1. V.T.-seed (5). The first mixture comprised all eight clones, the 
second only those which were evaluated in 1959 as earning a 5. 

The two seed mixtures were sown in a randomised bloc experiment of three blocs in 
the spring of 1960. In this experiment they were compared with the original variety 
from which the selections had been made, and with four outstanding commercial 
varieties. 

The result is shown in table 3. 

The two 1.V.T. seed mixtures are in one yield group with the three most productive 
commercial varieties. The yield of the original variety (no. 3) is significantly below that 
of these varieties. The same applies to commercial variety no. 6. This is caused by an 
unfavourable distribution of the roots over the different grades. No. 3 has a signifi- 
cantly greater percentage of too small roots than the other varieties. 

The committee which visually evaluated the cultural value of the seven varieties in 
this experiment gave ratings round about 4 to the numbers 1, 2, 4, 5, 7, about 3 to no. 
6, and only about 2 to no. 3. 

As has been said above, no. 3 looked phenotypically rather good in 1953. By means 
of a rigorous form of mass selection it had been brought upon a good level. But it was 
not yet sufficiently stable. As soon as the seed of the phenotypically good plants was 
increased to commercial quantities and a less rigorous form of mass selection was 
applied, the variety fell to a lower level. 

What in a limited number of years mass selection could not perform, the polycross 
method did in a simple way. It selected out of one hundred phenotypically good roots 
eight roots which did not show much segregation in their progenies. The eight selected 
roots did not show much segregation, either because they were more homozygous for 
the characters studied or because they showed a better combining ability than the 
other 92 roots, or because of both reasons. 


PROGRAMME OF FURTHER IMPROVEMENT 


From the progenies of the eight selected clones one hundred phenotypically good 
roots have been taken, as a second phase of selection. We expect that this will lead to a 
further improvement. At the same time one hundred phenotypically good roots have 
been selected from each of two commercial varieties of a different origin. 

As soon as the three groups are reduced to about ten each, by selection of polycross 
progenies, a new polycross nursery will be started with these thirty clones. It will then 
be investigated if this combination of material from different origins will increase the 
chance of finding more vigour. 
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Fig. |. SCORZONERA FLOWERS ENCLOSED IN BAGS WITH FLIES FOR SELFING. THE BAGS ARE MADE OF 
COTTON WITH A WINDOW OF PLASTIC. 
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SAMENVATTING 


Veredeling van de schorseneer door middel van de polycross methode 


.„ De schorseneer is wat nukkig in de zaadzetting, maar bestuiving in de open lucht is 


veel beter dan die onder glas. Zelf bestuiving van planten, d.m.v. inhulling van enige 
bloemen van een plant tezamen met vliegen, gaf niet minder zaadzetting dan vrije 
bestuiving onder dezelfde omstandigheden (zie tabel 1). 

Vegetatieve vermeerdering van schorseneren wortels is betrekkelijk gemakkelijk. 


.„ De polycross methode voor het selecteren van de beste ouderplanten bleek wel 


succes te kunnen geven. Van de honderd planten, die oorspronkelijk om hun phe- 
notypisch gunstige eigenschappen waren uitgezocht, bleek ongeveer acht percent 
een goede nakomelingschap te geven. 


. De mogelijkheid van verdere verbetering langs deze weg door incorporatie van 


materiaal van andere oorsprong zal vervolgens worden onderzocht. 
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ABSTRACT 


In this article a survey is given on sugar cane breeding, as it was performed in Java 
during a period of about fifty years. When in the eighties of the nineteenth century 
sugar cane was heavily affected by the sereh disease it was SOLTWEDEL, the first director 
of the Sugar Experiment Station “Midden Java’, who tried to obtain sereh resistant 
cane varieties by species hybridization, until his early death intervened. The first species 
hybrids were obtained in 1893 by WAKKER, who crossed noble sugar cane‚ Saccharum 
officinarum, with Kassoer, considered by him as a wild species. In later years it ap- 
peared from morphological investigations by JeswIeT (1916) and from cytological in- 
vestigations by BREMER (1921) that Kassoer is to be considered as a spontaneous 
hybrid between S. officinarum and S. spontaneum, the wild glagah. In 1895 KoBus im- 
ported the Indian sugar cane Chunnee in Java. Chunnee, not belonging to S. officina- 
rum was crossed with noble sugar cane (for the first time) in 1897. From this cross 
many clones were obtained which appeared to be resistant against the sereh disease 
but were highly susceptible to mosaic. The continued crossing between noble sugar 
cane and Kassoer, however, was very successful. Many clones were obtained, which as 
commercial varieties, showed a high degree of resistance against sereh disease and 
mosaic and moreover gave a much higher sugar production than the susceptible va- 
rieties of noble sugar cane. 

The following terms are introduced: first, second andthird nobilisation of the 
wild S. spontaneum. Kassoer cane itself is a product of the first nobilisation, the direct 
cross between noble sugar cane and wild cane. The back cross between Kassoer and 
noble sugar cane is called the second nobilisation. When cane varieties belonging to 
the second nobilisation are crossed again with noble sugar cane‚ the third nobilisation 
of S. spontaneum is said to take place. The well-known sugar cane variety 2878 P.O.J. 
belongs to the third nobilisation. 

In all clones investigated Saccharum officinarum has 2n — 80 chromosomes. Within 
S. spontaneum types occur which in chromosome number vary from 2n — 48 to 2n = 
128. The Java glagah has 2n — 112 chromosomes. 

Clones of the first glagah nobilisation S. officinarum (n — 40) x S. spontaneum (n = 
56) did not have 2n — 40 + 56 chromosomes, but 2n — 40 + 40 + 56 — 136 chromo- 
somes. 

In relation to the taxonomy of Saccharum many other cytological details are given. 
Within S. officinarum the basic chromosome number x — 10. About $. spontaneum 
opinions are divided. The author supposes that x — 6, 8 and 10 are basic numbers of 
S. spontaneum. 
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INTRODUCTION 


In a series of five articles a survey will be given of sugar cane breeding and cytolo- 
gical research carried out over a period of many years at the Sugar Experiment Station 
at Pasuruan, Java. 

These articles will not only be of importance to sugar cane breeders but also plant 
breeders who study crops of temperate zones, may profit from the investigations des- 
eribed. This holds for specialists dealing with grasses, cereals or sugar beet, and 
especially for potato breeders since there is great similarity in procedures applied to 
potato and cane breeding. Both crops are propagated vegetatively. In both genera 
hybridization between species with different levels of ploidy is practised in order to 
obtain disease resistance. 

Breeders of sugar cane will find in these articles many new data brought into dis- 
cussion with facts already published in former years. 

The subject is divided into five parts. The first part gives a short history of sugar 
cane breeding in Java. Further a short account is given on the taxonomy and cytology 
of the original Saccharum forms as found in nature or in native plantations. In the 
second part cane breeding as practised in Java will be treated from a cytological view 
point. The third part will give a review of crossing experiments carried out to obtain 
higher producing sugar cane varieties with increased chromosome numbers. In the 
fourth part the cytological research on the causes of chromosome increase in species 
hybrids of Saccharum will be reported. Finally in the fifth part results of the last 
mentioned research will be discussed and will be compared with information about 
chromosome increase in interspecific and intergeneric crosses of other genera. 


Part. I 


À SHORT HISTORY OF SUGAR CANE BREEDING 
THE ORIGINAL FORMS OF SACCHARUM 


Sugar cane is cultivated in many countries of the Old and New World between 30° 
northern and 30° southern latitude. About 60 per cent. of the world sugar production 
comes from sugar cane. Wild forms of Saccharum are found in North Africa, Afgha- 
nistan, Turkestan, Pakistan and India, Burma and Malay States, Thailand, Southern 
China and Japan, Indonesia and the Philippines, New Guinea and other Melanesian 
islands and in Polynesia. 

It would be going to far to give an extensive survey of the taxonomy of Saccharum. 
Usually the genus is subdivided according to JEswieT’s classification (13) into five 
species: Saccharum officinarum L., S. spontaneum L., S. Barberi Jeswier, S. sinense 
RoxB., and S. robustum, BRANDES and JESWIET. There is, however, good reason to 
doubt the correctness of this classification. Also it should be mentioned that there are 
many forms held to be original species hybrids. 

S. officinarum — the noble sugar cane — comprises a very large number of varieties, 
each constituting a single clone, with large and thick stalks. These stalks may vary in 
colour and in wax cover; their internodes, which have a sweet juicy pith show much 
difference in shape. Frequently some clone of sugar cane received different names in 
the various countries where it was grown, so that there is a large number of synonyms. 
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Many bud sports are known. For instance red varieties may have given varieties with 
red and green striped stalks. 

Noble sugar cane is susceptible to several diseases. In the eighties of the nineteenth 
century one variety, Black Cheribon, was planted almost exclusively in the Java sugar 
cane plantations. This clone was severely affected by the sereh disease, which, by a 
gumming of the vascular system, causes the internodes to remain very short. This was 
one of the reasons why in Java three sugar experiment stations were founded respec- 
tively in the years 1885, 1886 and 1887. In 1885 SOLTWEDEL (2, 3, 4), the first director of 
the Experiment Station “Midden Java” at Semarang, started his sowing experiments 
with cane. The first seediings he obtained were of S. spontaneum, the wild glagah of 
Java. In 1887 he tried to cross the sugar cane Loethers with glagah. The cross failed, 
but nevertheless the idea of species crossing came from SOLTWEDEL. It was also SOLT- 
WEDEL, who collected a large number of sugar cane clones from several islands of the 
Malayan Archipelago. After his early death in 1887 the work of SOLTWEDEL was con- 
tinued by others. 

It appeared that of the sugar cane clones collected some were fertile on the female as 
well as on the male side and. others were only female fertile, the anthers remaining 
closed. For crossing this had the advantage that the male sterile varieties did not have 
to be emasculated. 

In the years after 1890 many intercrosses of S. pese clones were made aiming 
at sereh resistance. Varieties were obtained that surpassed Black Cheribon in sugar 
production. They were, however, not sereh-resistant. 

The first species-hybrids of Saccharum were obtained in 1893 by WAKKER, at that 
time director of the “Proefstation Oost Java”, Pasuruan, founded in 1887. He crossed 
Black Cheribon with Kassoer cane‚ found to grow wild at the foot of the vulcano 
Tjerimai in West Java. Kassoer was held to be a wild Saccharum species. From this 
cross 13 plants were obtained. 

In 1890, KoBus, employed at the same experiment station, went to British India to 
collect Indian cane-varieties. These varieties were planted in the island of Banka for 
quarantine. In his report of the trip he wrote: 

“A large number of the British-Indian cane varieties seem to me to belong to another 
species of Saccharum. We may possibly succeed in crossing these with our kinds of 
sugar cane and thus obtain hybrids, which in addition to the high sugar content of 
both parents combine the dimensions of the one and the resistance of the other.” 

Among the forms of sugar cane which he introduced to Banka was the Chunnee 
cane which differed greatly in habit from S. officinarum. After cultivation in that island, 
where it remained healthy, Chunnee was imported into Java where it was crossed, for 
the first time in 1897, with the S. officinarum variety Striped Preanger and in the 
following years with other varieties of noble sugar cane. The crosses were successful. 

Chunnee itself is a short strongly tillered cane with many thin, hard stalks and a 
rather high sucrose content. The colour of the stalks is yellow to green, sometimes 
somewhat red, with a thick wax layer. The tassels (inflorescences) are much smaller 
than those of noble sugar cane. 

The hybrids between S. officinarum and Chunnee cane appeared to be resistant to 
the sereh disease, but they had a high susceptibility to yellow-stripe or mosaic and a 
low cane weight. A number of clones of this parentage have been cultivated in Java 
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and in some subtropical countries, like Egypt!) and the Argentine. In Java, however, 
these species hybrids were never cultivated extensively and covered at the most 2 to 3 
per cent. of the whole sugar cane area. The reason was that in the same period, intra- 
specific crossing of S. officinarum was employed with much more success. The first 
noble cane that came into cultivation was a seedling obtained by WAKKER in 1893 from 
the cross Bandjarmasin hitam Xx Loethers. It was given the name 100 P.O.J., (P.O.J. 
means Proefstation Oost Java). The cane gave a higher sugar yield than Black Cheribon 
and was somewhat more resistant to sereh. It was followed by other canes developed in 
plantations of sugar factories; 247 B, a cross of Black Cheribon and Fidji Cane, ob- 
tained by BOURICIUS (1894); D.1.52, S.W.3 and S.W.1 ll, all crosses of Black Cheribon 
and Batjan (1903 and 1904) and finally E.K.28 (parentage unknown) obtained by 
J. M. VersteeGH. Black Cheribon gave an average crop production of about 70 
quintals sugar per ha; 100 P.O.J. and 247 B, which were the chief canes of Java from 
the beginning of this century to about 1918, had an average production of about 100 
quintals per ha. They were replaced by D.1.52 and E.K.28, which reached their maxi- 
mum extension in 1926, producing about 120 quintals per ha and together covering 
about 70 per cent. of the whole sugar cane area of Java. In later years, at the Experi- 
ment Station of Pasuruan, 100 P.O.J., S.W.3, S.W.111 and E.K.28 became of much 
importance as parents for crossing purposes. 

Even from the most promising crosses of sugar cane it may be said that the over- 
whelming majority of the seedlings in the population are worthless. From a great many 
cross combinations no seedlings of value are obtained. The above mentioned commer- 
cial varieties were the products of a very extensive selection. In this respect there is a 
great similarity between sugar cane and potatoes. 


To obtain resistance to the sereh disease it was not only the Chunnee cane that was 
used for breeding. The crossing with Kassoer, originally practised by WAKKER, was 
continued by KoBus and by WILBRINK (7). In particular WILBRINK in 1911 obtained 
many seedlings from crosses of Black Cheribon and 100 P.O.J. pollinated by Kassoer. 
Several of these seedlings were given a P.O.J. number. It was shown that these varieties 
had a strong root system; they were highly resistant not only to the sereh disease but 
also to mosaic. They had, however, thin stems and a low sugar content and were there- 
fore unsuitable for cultivation. Nevertheless they became of the utmost importance for 
cane breeding. 

On morphological grounds Jeswier concluded in 1916 that Kassoer should be a 
hybrid between noble sugar cane‚ probably Black Cheribon, and the wild Glagah. In 
the years 1917-1920 he crossed several varieties of S. officinarum with S. spontaneum of 
Java. The hybrids obtained showed a great resemblance to Kassoer. 

Starting in 1916, crosses with the hybrids Black Cheribon x Kassoer and 100 P.O.J. 
x Kassoer were performed on a large scale by JESWwIeT in close collaboration with VAN 
HARREVELD, the Director of the Pasuruan Sugar Experiment Station. Since Kassoer 
was considered a hybrid between sugar cane and glagah, its crosses with noble sugar 
cane were regarded as first back crosses to S. officinarum of the F,‚ hybrid S. officina- 
rum XS. spontaneum. 

For many years these back crosses were again back crossed with noble cane‚ and 

!) In Egypt the clone 105 P.O.J., Striped Preanger Xx Chunnee, is still being cultivated. 
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also with the S. officinarum x Chunnee hybrids. The last mentioned crosses did not 
yield notable results. The second back cross, a cross between sugar cane x Kassoer 
with noble sugar cane‚ however, became a great success. 

Several clones of 100 P.O.J. x Kassoer and Black Cheribon x Kassoer were 
crossed systematically with a series of noble sugar canes. In most cases the clones of 
the first back cross were used as females, since- many of them were male sterile. Noble 
clones with good pollen were chosen as pollen parents. It appeared that 2364 P.O.J. 
(100 P.O.J. x Kassoer) was the best mother clone. In various cross combinations it 
gave good seedlings. This was especially the case with the cross 2364 P.O.J. x E.K.28. 
In 1917 theclones 2714 P.O.J., 2722 P.O.J. and 2725 P.O.J. derived from the latter and 
in 1921 the clones 2875 P.O.J., 2878 P.O.J. and 2883 P.O.J. were raised. All these canes 
are robust, they are immune to the sereh-disease and highly resistant to mosaic. 

2878 P.O.J. appeared to be by far the best of them. It was also introduced into 
other countries and became a famous cane. 2878 P.O.J. is very tall with long inter- 
nodes. The tillering is good and the mean sugar production of about 150 quintals per 
ha surpasses that of the sereh and mosaic sensitive varieties E‚.K.28 and D.J.52 con- 
siderably. Moreover 2722 P.O.J., 2725 P.O.J., 2875 P.O.J. and 2878 P.O.J. appeared 
to be suitable for further crossing purposes. The inflorescences of 2714 P.O.J. were 
found to be totally sterile. 

For the sake of convenience Kassoer and the experimentally obtained F, hybrids 
between S. officinarum and S. spontaneum were called the “first nobilisation” of 
S. spontaneum; the first back cross with S. officinarum obtained the name of “second 
nobilisation” and the second back cross the “third nobilisation” of S. 
spontaneum. 

In later years canes of the third nobilisation were crossed again with noble cane 
varieties, forming varieties of the fourth nobilisation. These varieties were generally 
somewhat more sensitive to diseases than the canes of the third nobilisation. From 
crosses between canes of the third with canes of the fourth nobilisation, made by 
PosTHUMUS, finally cane varieties were obtained which under special conditions gave 
better yields than 2878 P.O.J.. 


Breeding of sugar cane at the Experiment Station for the Java Sugar Industry at 
Pasuruan was carried on alongside the morphological description of species and va- 
rieties of Saccharum. JESWIET designed a system of description of varieties whereby 
groups of hairs on buds and leaf sheathes played an important part. On morphological 
grounds he separated some species from the genus Saccharum. One of these species 
was Saccharum arundinaceum Retz, also called S. Soltwedeli, the Glonggong of Java 
and Sumatra, which appeared to be impossible to cross with sugar canc. This species 
was referred to the genus Erianthus. Descriptions of Saccharum species were made 
by JEsWwIeT and also by BREMER. 

Before 1920 very little was published on sugar cane cytology. Moreover the results 
obtained were contradictory. In 1919 and 1920 BREMER found chromosome numbers 
quite different from the published figures. In clones of Saccharum spontaneum of Java 
the haploid number of chromosomes in PMC'’s appeared to be 56. Five clones of S. 
officinarum, noble sugar cane‚ namely Ardjoeno, Green German New Guinea, Batjan, 
Fidji and 247 B, a cross between Black Cheribon and Fidji, all showed 40 chromoso- 
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mes in the haploid phase. In the Indian canes Chunnee and the related Ruckree II a 
haploid number of 45 to 46 chromosomes were found, pointing in the anaphase of the 
first meiotic division to 91 as somatic number. It was of much interest to study Kassoer 
and some experimentally obtained hybrids of the eross S. officinarum X S. spontaneum. 
At that time little had been published about the cytology of species hybrids originated 
from crosses of species with different chromosome numbers. Such hybrids appeared to 
be totally sterile. The hybrids of sugar cane x glagah, however, mostly show a high 
female and male fertility. Jeswier studied 102 hybrid individuals. Ninety nine of them 
appeared to be male fertile and only three were male sterile. On an average they had 75 
per cent. well developed pollen. Individually the pollen fertility varied from 40 to 100 
per cent In all cases the total quantity of pollen per inflorescence was remarkably high. 


A well-known example of a species hybrid, the very first ever studied cytologically, 
was Drosera x obovata, a natural sterile hybrid between Drosera longifolia and D. 
rotundifolia. In the beginning of this century ROSENBERG stated in these species 
respectively the haploid chromosome numbers n — 20 and n — 10. In the hybrid D. 
x obovata he found 2n — 30. 

In metaphase 1 of meiosis there were 10 bivalent chromosomes and 10 univalents, 
which were irregularly distributed over the daughter cells, forming micronuclei. 

In the case of the Saccharum species hybrid it would be expected that 56 chromo- 
somes of S. spontaneum had come together with 40 chromosomes of the mother plant 
S. officinarum. The result would be a species hybrid with 96 chromosomes in the 
somatic phase, which would have a highly irregular meiosis. To the author’s surprise 
(2, 3, 4) a very regular meiosis was found with a large number of bivalent chromosomes 
at diakinesis and metaphase 1 of pollen mother cells. Also the anaphase 1 showed a 
great regularity with 2 large groups of chromosomes, derived from the bivalents 
passing to the poles, and a few splitting univalents lagging behind near the equator. 
The first results were obtained with Kassoer and with G 106 and G. 107, both hybrids 
of the sugar cane Striped Preanger crossed with. Glagah alas Truno. Soon they could 
be confirmed by studying many more of such hybrids. Counting chromosomes at 
diakinesis and metaphase I resulted in numbers of about 70, almost all chromosomes 
forming bivalents. 

In anaphase I seen from the pole, it was possible to count the chromosomes in both 
groups and the laggards between. them. In many cases exactly 136 chromosomes were 
found, a number which must be equal to that of the somatic cells. It was evident, 
therefore, that the hybrids had not 40 + 56 — 96 chromosomes but 2 x 40 chromo- 
somes of S. officinarum + 56 chromosomes of S. spontaneum — 136 chromosomes. 
Since Kassoer showed the same remarkable cytological features as the hybrids obtain- 
ed by crossing, it was cytologically proved that Kassoer is a spontaneous hybrid be- 
tween noble sugar cane and glagah. 

The most simple explanation of the increase in chromosome number is that chro- 
mosome reduction on the female side did not take place so that 80 + 56 would give 
136 chromosomes. However, reduction division in embryosac-mother cells of S. 
officinarum was found without exception. Moreover individuals from one sowing of 
the species cross showed a diversity in characters that only could be ascribed to 
segregation of genes of the female parent. 
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FiG 1. REGULAR PAIRING OF CHROMOSOMES DURING DIAKINESIS OF PMC 
WITHIN F‚ SS. officinarum X S. spontaneum Xx 2400 
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Fis. 2. 
ANAPHASE OF THE FIRST MEIOTIC DIVISION, SEEN FROM ONE OF THE POLES: 


a. Saccharum officinarum, in both groups 40 chromosomes. 

b. Saccharum spontaneum of Java, in both groups 56 chromosomes. 

c. EF, S. officinarum X S. spontaneum, on the left of the upper group 
with 66 chromosomes and 4 chromosomes lagging near the equator; 
on the right the lower group with 66 chromosomes x 2400. 
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For many years it had been the author’s opinion that this increase in chromosome 
number must have originated from a longitudinal splitting of the S. officinarum chro- 
mosomes in the egg-nucleus during fertilization with a sperm nucleus of S. spontaneum. 
An investigation during the second world war, at the Botanical Laboratory of the 
University of Utrecht, however, showed that the increase in chromosome number is 
caused by quite a different phenomenon which will be described in a fourth article in 
Euphytica. 

By continued investigations it became apparent that all typical S. officinarum clones 
studied, that is varieties cultivated by the natives, as well as varieties obtained by 
crossing, showed 80 chromosomes in the somatic phase. This holds for Black Cheri- 
bon, Lahaina, S.W.3, S.W.I1l1l, D.1.52, E.K.2 and E.K.28 and also for some native 
Hawaiian varieties, native varieties from Burma and clones cultivated in Barbados. 
Original sugar canes deviating in characters from the typical noble canes showed other 
chromosome numbers. Here only two of them will be mentioned: Loethers, the father 
of 100 P.O.J., with 99 chromosomes in root tips, and Branchue Rayée from the island 
of Mauritius, with 88-90 chromosomes in the somatic phase. The last mentioned cane 
is identical with the Tip cane (11), formerly planted in Hawaii. VERRET wrote about the 
Yellow and Red Tip canes: “The Tips are very hardy canes and fast ratooners and are 
better adapted to lower temperatures; they are found in our poorer, upper fields. These 
soils generally show high acidity”’. 

The eytological research also brought to light that, in contrast to S. officinarum, S. 
spontaneum possesses types with different chromosome numbers. A type from Tabon- 
go in North Celebes (5, 6) showed n — 40 chromosomes. Crosses of noble sugar cane 
with Glagah Tabongo produced hybrids with 2n — 120 chromosomes. So we see in this 
case also an increase of 40 chromosomes (7). 

Like glagah of Java, the Tabongo type of North Celebes tillers freely, forming long 
sub-terranean stolons. The stems are also very hard, pale yellow to green. They are, 
however, still thinner with longer internodes. This is also the case with ““talahib”, the 
S. spontaneum of the Philippines, in which also n — 40 chromosomes were found. Of 
the Philippines two canes are known, which, like Kassoer resemble hybrids between 
S. officinarum and S. spontaneum. These varieties are Toledo cane and Hinds special. 
In both canes BREMER found 2n — 120 chromosomes, a number equal to 2 x 40 chro- 
mosomes of sugar cane + 40 chromosomes of talahib (11). 

Later investigations of BREMER in Java, DUTT, RAO and JANAKI AMMAL in India and 
S. PRICE in U.S.A. showed several chromosome numbers in S. spontaneum ranging 
from 2n — 48 to about 128. Also differences in type were present, but there is reason to 
classify all types in the same species. The wide range of chromosome numbers is im- 
portant in relation to the diversity in crossing possibilities with S. officinarum. For 
example, Co. 205 is a hybrid obtained at Coimbatore in India from a cross of the noble 
cane Vellai (— Lahaina) with S. spontaneum Coimbatore n — 32, in which DuTrT and 
Rao found 2 x 40 + 32 — 112 chromosomes. The ratio between S. officinarum and 
S. spontaneum chromosomes is here very different from that of Kassoer where 56 $. 
spontaneum chromosomes are present. Kassoer and the Java-hybrids are quite unfit 
for sugar production, while Co. 205 was widely grown in the Punjab. 

It is worth while to mention here the following important question about S$. sponta- 
neum. In 1930 PostTnuMus collected material of several S. spontaneum plants in Cen- 
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tral Celebes; this was brought to Java. The chromosome number was 2n — about 96. 
It was established that not all clones had exactly 96 chromosomes; numbers such as 94 
and 97 were found. The author supposes that these plants were the result of hybridisa- 
tion between forms with 80 and forms with 112 chromosomes (11). 

Experimentally obtained hybrids from Java glagah with Glagah Tabongo had 
exactly 2n — 96 chromosomes, regularly forming 48 bivalents at meiosis. It seems 
probable that in regions where S. spontaneum forms with different chromosome num- 
bers are grown near each other, populations arose in which back crossing took place 
between the hybrids and original plants, giving rise to aneuploids. In the author’s 
opinion such a process may have occurred in Central Celebes. 

BREMER also studied a Burmese $. spontaneum obtained from A. J. MANGELSDORF 
under the name of S. spontaneum MANDALAY. This clone also appeared to have 2n — 
96 chromosomes. Recently the same S. spontaneum MANDALAY was studied by S. PRICE, 
with the same result. PRICE, however, also had an opportunity to study S. spontaneum 
material collected by MANGELSDORF in Thailand, a country bordering on Burma. 
Price studied seedlings from true seeds of the Thailand material. He found seedlings 
with a euploid number of 2n — 80, others with a euploid number of 96, derived from 
plants that must have been stable with 80 and 96 chromosomes respectively. Also some 
aneuploids were found with 81 and 94 chromosomes. Two plants with 88 chromo- 
somes probably were hybrids between plants with 80 and 96 chromosomes. The occur- 
rence of plants with 78 and 77 chromosomes (18, 19) was however remarkable. In 
BREMER’s opinion the findings of Price with the Thailand material are comparable 
with the results of the Celebes material. BREMER supposes that in areas where two 
stable forms of S. spontaneum with different chromosomes numbers occur, forms with 
new chromosome numbers may be formed, including aneuploids. In Central Celebes 
this process may have taken place between forms with 2n — 80 chromosomes, indige- 
nous in North Celebes, and forms with 2n — 112 chromosome grown in the south. In 
Thailand forms with 2n — 80 chromosomes and 2n — 96 chromosomes are grown not 
far from each other. Probably there are also vast areas where only S. spontaneum forms 
with one chromosome number are found. A large number of Java glagah’s showed 
without exception exactly 2n — 112 chromosomes, a number also found in Sumatra, 
Borneo and the island Sumbawa, south of Celebes. 

BARBER studied Indian sugar canes*) not belonging to S. officinarum and separated 
them in $ morphologically different groups. In 1931 BREMER studied these groups 
cytologically and made a cytological classification, which for the greater part was in 
accordance with that of BARBER (9, 10). 

The following chromosome numbers were found: 


Sunnabile group 4 cane varieties Inr Ml6 
4 cane varieties Int 82) 
Mungo group 9 cane varieties Div LD 
Nargori group 4 cane varieties Din — LI! 
2 cane varieties Intl Oi 
Saretha group 9 cane varieties 2n — 90, 91 and 92 
Pansahi group S. sinense according to JESWIET Incas 


1) In 1929 the area cultivated with Indian sugar cane in the whole Indian empire amounted ca. 
1,900,000 acres. 


?) In BREMER’s opinion these 4 canes could be better classed in a separate “Dhaulu” group. 
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Fig. 4. SOMATIC COMPLEMENT OF S. spontaneum, 


CLONE GLAGAH KLUT, OF JAVA. 2n =— 
112. x 2400. 


Fig. 3. SOMATIC COMPLEMENT WITHIN ROOT CELL OF S. officinarum, clone E.K. 28. 2n — 80. x 2400. 


Fi. 5. SOMATIC COMPLEMENT OF S. spontaneum, Fig. 6. SOMATIC COMPLEMENT OF CREOLE CANE. 
CLONE GLAGAH TABONGO, NORTH CELEBES. 2n = 81. X 2400 
2n — 80. x 2400. 
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FIG. 7. ANAPHASE OF THE FIRST MEIOTIC DIVISION IN PMC OF 
CREOLE, 40 CHROMOSOMES IN UPPER GROUP, 41 CHRO- 
MOSOMES IN LOWER GROUP; REMNANT OF NUCLEOLAR 
MEMBRANE DRAWN BETWEEN THE TWO GROUPS. X 2400 


Fra. 8. SOMATIC COMPLEMENT IN TEBU SALAH. 2n — 60. X 2400 
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JESWIET classified the first 4 groups under a new species S. barberi Jrswier. The Sth 
group belongs to S. sinense ROxB., a group of canes indigenous in India and Southern 
China. Without going in more details it must be said that the morphological differ- 
ences between the four groups of “S. barberi” are remarkable. Moreover there are 
distinct differences in chromosome numbers. BREMER therefore did not agree with 
Jeswier’s classification. ARTSCHWAGER, A. J. MANGELSDORF and S. PRICE are of the 
same opinion. About the “probable origin of North Indian canes’” PARTHASARATHY 
writes: “It is considered that these may have arisen as a result of extensive hybridiza- 
tion between S. spontaneum and S. officinarum in the regions of Bengal, Bihar and 
Orissa” (15). 

The first sugar cane cultivated in America was already taken there in the time of 
Columbus. It was named Creole cane and according to NOEL DEERR it must be iden- 
tical with the Puri cane of India and to the Yellow Egyptian Cane of the Java Collec- 
tions. POSTHUMUS in 1930 noting that the Yellow Egyptian Cane had a great resem- 
blance to the canes of BARBER's “Mungo” group, planted them together at the Experi- 
ment Station. They agreed in many characteristics but Yellow Egyptian Cane had 
more erect leaves than Mungo and the stalks were thicker with a thinner wax layer, 
giving the cane a more pronounced green or yellow colour. By June 1931 Yellow 
Egyptian Cane was nearly dead while Mungo still showed fresh green leaves. This 
brought the author to assume that Creole (identical with the Indian Puri and Yellow 
Egyptian Cane) could be a hybrid between a cane of the Mungo group and an unknown 
noble sugar cane. BREMER (9, 10) found 2n — 82 chromosomes in 9 canes of the Mungo 
group and Creole had 81 chromosomes in root tips and in meiotic divisions. This 
number corresponded exactly with the sum of the haploid number of Mungo (n — 41) 
and that of noble cane (n — 40). 

Frequently it was found by the author in Indian canes that during metaphase 1 and 
anaphase 1 a remnant of the nucleolar membrane remained visible, a phenomenon 
never found by him in Saccharum officinarum nor in any other plant. It was clearly 
visible, however, in preparations of Yellow Egyptian cane. This also points to the 
Indian origin. It is very probable therefore that Puri or Creole is a hybrid between 
Mungo and a noble cane. Puri must have been brought by Arabians from India to 
Egypt and Spain. BRANDES (1) writes about Creole: “There is good circumstantial 
evidence that LINNAEUS based his species S. officinarum on an odd, sterile hybrid type 
with 2n — 81 chromosomes grown during his time to the exclusion of other kinds in 
the Mediterranean countries and the New World and, more recently, known in Spain 
as Algarobena and in the New World sugar colonies as Creole”. 


During an expedition in Australian New Guinea, undertaken in 1928 with the pur- 
pose of collecting native and ancestral forms of the domesticated sugar cane‚ BRANDES, 
JESWIET and PEMBERTON found on riverbanks specimens of a large feral cane‚ much 
resembling slender forms of S. officinarum. Its stalks, however, were hard and woody 
with a low sugar content. Also the leaves and inflorescences were much like those of 
sugar cane. They called the cane Saccharum robustum BRAND. & Jrsw. During later 
expeditions S. robustum forms have also been collected in New Britain and in the New 
Hebrides. 

Jeswier classified under S. robustum a cane which had been present in the collection 


71 


G. BREMER 


of the Java Experiment Station since 1921. It was a cane collected by PH. VAN HARRE- 
VELD under the name Tananggé and by ASPERSLAG under the name Tebu Salah. 
BREMER (5, 6) studied this cane morphologically and cytologically. Superficially there 
was some resemblance with a thin noble sugar cane‚ but it contained no sugar what- 
ever and it was as hard as wood. The greatest resemblance to sugar cane was found in 
the inflorescences. As we will see later Tebu Salah in this respect deviates clearly from 
S. spontaneum. Teboe Salah also resembled S. officinarum in that it did not possess 
stolons in the form of long sub-terranean runners, typical of S. spontaneum. The ha- 
ploid chromosome number of Tebu Salah was 30, meiosis was regular. In cells of 
root tips distinctly 60 chromosomes could be counted. The author concluded therefore 
that Tananggé — Tebu Salah probably belongs to a new species of Saccharum. The 
same cane was collected for a third time in 1930 by POSTHUMUS from several places in 
Central Borneo; the material had the same chromosome number. It was, however, also 
found by him in Central Celebes under the name of Tebu Salah Tuwa (11). This speci- 
men was clearly somewhat different from the others. It was more vigorous; the inter- 
nodes were longer and showed a thicker wax layer. It had 90 chromosomes in its root 
tips and was therefore triploid, in relation to the other clones with 60 chromosomes. 

The specimens growing on the riverbanks of New Guinea discovered by JESwIET and 
BRANDES and classified under the new name of S. robustum, are held to be the wild 
progenitors of the noble sugar cane. They were found in the vicinity of native sugar 
cane gardens. The S. robustum forms as grown in the feral state (1) were very long 
canes, with hard stems containing a high fiber but low sucrose content. Like noble 
sugar cane S. robustum may have a wide range of conspicuous stem colours from 
green to red and deep purple, colours unknown in S. spontaneum and the Indian sugar 
canes. Also the characteristics of the inflorescences agree with those of noble cane, for 
instance the lodiculae were not ciliate. In the mud of the riverbanks S. robustum is 
stoloniferous but not when it is planted in cane fields, in contrast to S. spontaneum 
which retains its long stolons when planted in rows. It must be assumed that S. robus- 
tum is the wild ancestor from which S. officinarum is derived by domestication. 

Several investigators before PRICE (11) studied the cytology of S. robustum but the 
results were somewhat conflicting and unreliable. 

According to PRICE S. robustum consists of two cytological types, one with 2n — 60 
chromosomes, the other 2n — 80 chromosomes. The type with 60 chromosomes is 
identical with the forms from Borneo and Celebes studied by BREMER. According to 
PRICE it is also found in Australian New Guinea. The type with 80 chromosomes is the 
one found by Jeswier and BRANDES on the riverbanks of New Guinea, New Britain 
and the New Hebrides. Among the plants investigated by PRIcE, however, many 
aneuploids occurred, the chromosome numbers varying from 2n — 63 to 2n — 194. 
He held them to be hybrids and hybrid derivatives, not representatives of S. robustum. 

PRICE writes on the Tebu Salah types: “they are tentatively accepted as representa- 
tives of the other extreme of S. rabustum’’. To BREMER it seems preferable to exclude 
the 2n — 60 type from S. robustum, since it deviates in morphological characters and 
in chromosome number from the typical S. robustum with 2n — 80 chromosomes. 

When we exclude the hybrids in feral state, we arrive at the following species or 
groups of varieties within the genus Saccharum: 
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Fro. 9. BLACK CHERIBON (LEFT) X GLAGAH — KASSOER (RIGHT). 
3/5 OF ACTUAL SIZE 
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Saccharum spontaneum, numerous types: chromosome numbers 


VET DRO OEE IRS AE Vero A 2n — 48 to 128 
Sacchorunmoffieinarunismnoblessueancanennn.n nn 280 
MRI ISUSAT CANE ENNE NEE ER AE EE 2n — 82, 90-92, 107, 116, 124 
DECAL SVICEHSCN IAEA REMOTE BEET ERAAN 7 CDOT Ons Secamiis 
BOCH UND MODULI INEEN. Erde eel | 2n — 80 
Meceharnnutypespleburs aldaer en Orte 2nn60 


Saccharum belongs to the grass tribe Andropogonae, most genera of which have a 
basic chromosome number of x — 10*). In the genus Erianthus, closely related to 
Saccharum, species are known which have 2n — 20, 2n — 40, and 2n — 60 chromo- 
somes, being respectively diploid, tetraploid and hexaploid. It seems probable that the 
same basic number is present in Saccharum. In that case S. officinarum and S. robus- 
tum are octoploids. The Tebu Salah-types of Borneo, Celebes and Australian New 
Guinea with 2n — 60 then must be hexaploids. Diploids with 2n — 20 and tetraploids 
with 2n — 40 are unknown in Saccharum. 

In S. spontaneum, however, many chromosome numbers are found, which are not 
multiples of 10. This fact has caused much discussion about the basic number of 
Saccharum. Six, 8, 10 and 12 are proposed as basic numbers for Saccharum. So the 
haploid complement of 40 chromosomes in S. officinarum and in S. spontaneum of 
North Celebes might consist of 4 basic sets or genomes of 10 chromosomes, but 5 basic 
sets or genomes of 8 chromosomes may not be excluded a priori. These two possibili- 
ties do not exist for Tebu Salah, a typical Saccharum with n — 30 chromosomes. It has 
been mentioned already that Tebu Salah and noble sugar cane show much. resem- 
blance in the inflorescences. In his description of the inflorescence of Tebu Salah 
BREMER wrote in 1924: “Lateral axes of the third degree are present. The spikelets are 
much smaller than in the case of Saccharum spontaneum and the internodes between 
two successive pairs of spikelets are much shorter. The characters mentioned last, to- 
gether with the rather strong branching of the inflorescence make the latter more like 
the one of S. officinarum than like that of S. spontaneum. The spikelets contain no 
palea inferior, the lodiculae have long ciliae”. The last mentioned character is the only 
one in which it agrees with S. spontaneum. According to JeswIet the ciliated lodiculae 
form an important character by which S. spontaneum is distinguished from the other 
Saccharum species. 

From the great resemblance of the inflorescences and flowers of S. officinarum and 
Tebu Salah BREMER concludes that there must be a closer relationship between these 
Saccharum forms than between S. officinarum and S. spontaneum. Therefore it is 
likely that noble sugar cane and Tebu Salah both have x — 10 as basic chromosome 
number. 

The author has had no opportunity to study S. robustum but published work gives the 
impression that there is no compelling reason for not regarding it as a sub-species of 
S. officinarum. 


The opinions about the basic chromosome numbers within $. spontaneum are very 
conflicting. Since chromosome numbers of 2n — 48, 56, 64, 72, 80, 96, 112 are found in 


1) Recently it was established that the original basic number of the Andropogoneae must have 
been x — 5. In several genera species appeared to occur with haploid numbers of 5 or multiples of 5. 
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this species, one might suppose that 8 should be the basic number of this species. It 
seems, however, that numbers other than multiples of 8, like 2n — 54, may also 
occur. JANAKI AMMAL (12) in 1939 pointed to the fact that forms with 56 and 72 
chromosomes, which assuming x — 8 would be 7 x and 9 x, showed a regular meiotic 
division, expected only in forms with an even number of basic chromosome sets. In 
case of an odd number of genomes, univalents and multivalents would be formed. She 
supposed, therefore, that the number 2n — 56 would consist of 6 sets of 6 chromo- 
somes + 2 sets of 10 chromosomes and the number 2n — 72 of 2 sets of 6 chromoso- 
mes + 6 sets of 10 chromosomes. 

Later, however, it appeared that she had withdrawn this opinion, since in her own 
book “Chromosome Atlas of Cultivated Plants” of 1945, x — 10 and x — 12 are given 
as basic numbers of Saccharum. 

According to NISHTYAMA (14) the haploid genome constitution of S. spontaneum of 
Java (n — 56) would be formed from the genomes x — 8 and x — 10 in the following 
Wwayi8 or Or LOO 0: 

Denoting sugar cane chromosomes with S and the two different kinds of glagah- 
chromosomes with gl, and gls, the hybrids sugar cane x glagah (2n — 136) would 
consists of 4 x IOS +4 x 1I0S +2 x 8 gl, +4 x 10 gl. By auto-syndesis within S. 
spontaneum chromosomes, gametes would result having 4 X 10S + 1 x 8gl, + 2 Xx 
10 gl, chromosomes. Such a hybrid, H 581, was back-crossed with glagah of Java. 
Supposing that S. spontaneum of Java indeed has n — 2 x 8 gl, + 4 x 10 gl, chromo- 
somes, then the backcross would receive from the female parent 4 x 10S +1 x 8gl, 
+ 2 x 10 gl, chromosomes and from the male 2 x 8 gl, + 4 x 10 gl, totalling 4 Xx 
IOS +3 x 8gl, +6 x 10 gl, — 124 chromosomes. This means that the genome 8 gl, 
would be present three times from which an irregular meiotie division with univalents 
and trivalents was expected. 

In the twenties of this century, when the author studied these hybrids, a surprisingly 
regular meiotic division was found. In the F‚-hybrids of the cross S. officinarum X 
S. spontaneum Java 4 to 12 univalents were counted which means that 66 to 62 biva- 
lents were present. In 4 individuals of the back cross H 581 x glagah meiosis appeared 
to be still more regular. From countings in anaphase 1 it appeared that the somatic 
number was 123-124. Mostly 0-4 univalents were found; in rare cases 6 occurred. In 
the author’s article of 1928 fig. 23 shows an undamaged nucleus of a PMC, drawn 
separately in an upper and a lower half, in which 61 bivalents and 2 univalents were 
present. Trivalents were totally absent. 

From the investigations of these 4 back-cross individuals it is clearly seen that in 
these hybrids there is no question. of the occurrence of 3 S. spontaneum genomes of 8 
chromosomes. Had these genomes been present, then an irregular meiotic division 
should have been found. This fact argues strongly against a genome constitution for 
S. spontaneum consisting of 8 + 8 + 10 + 10 + 10 + 10, as NISHTYAMA supposes. 

Let us now suppose that the haploid set of S. spontaneum of Java n — 56 consists of 
OH6H6H6H8H8H8H8. Then H 581 (2n — 40 + 40 + 56 — 136), may be 
written: 4 x IOS +4 x 10S +4 x 6gl, + 4 x 8 gl. After meiosis this gives 4 X 
IOS +2 Xx 6 gl, + 2 x 8 gl For H 581 x S. spontaneum we may write then: 
(Ax 10S +2 x 6gl, +2 X 8 gl) + (4 x 6gl, +4 x 8 gl) = 4 X 10S +6 x 6 gl, 
+ 6 X 8 gl, —= 124 chromosomes. 
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Regular meiosis in this even number of genomes, in which auto-syndesis occurs, 
would give gametes with 2 x 10S + 3 x 6gl, + 3 X 8 gl, = 62 chromosomes. 

It seems likely therefore that genomes with a basic number of 6 may occur in S. 
spontaneum, in accordance with JANAKI AMMAL’s original opinion about the composi- 
tion of the chromosome numbers 2n — 56 and 2n — 72 in Indian S. spontaneum forms. 

Another example in the literature may be explained in the same way. PRICE (18) 
performed a cytological study on hybrids between the noble sugar cane clones Cana 
Blanca (n — 40) and S. spontaneum MANDALAY (n — 48). As expected these hybrids 
showed 2n — 40 + 40 + 48 — 128 chromosomes. However, in one exceptional hybrid 
individual 2n — 40 + 48 — 88 chromosomes were found. So a haploid female gamete 
of noble cane must have been fertilized by S. spontaneum. The hybrid showed 44 biva- 
lents in meiosis I. 

The present author supposes that the chromosome complement of S. spontaneum 
MANDALAY in accordance with the above mentioned scheme consists of 12 genomes, 
being 4 x 10 4-4 X 6 +4 X 8chromosomes, producing gametes with2 x 6 +2 Xx 8 
+ 2 Xx 10 chromosomes. Crossed with noble cane this haploid complement would 
have given in this exceptional case a hybrid with 4 x 10 officinarum chromosomes + 
2X6H2X8&H2 Xx 10 spontaneum chromosomes — 88 chromosomes in all. Regu- 
lar meiosis within the hybrid should give gametes with 2 x 10 S. officinarum chro- 
mosomes + 6 + 8 + 10 S. spontaneum-chromosomes — 44 chromosomes. 

In the last twenty years many Andropogoneae species became known which have 5 or 
multiples of 5 as haploid chromosome number. Therefore 5 is now generally taken as 
the basic number of the tribe. Probably also the most primitive Saccharum forms will 
have had 5 chromosomes in their gametes and 10 chromosomes in their somatic cells. 
It seems likely that from these forms other forms have arisen with 2n — 12, 16 and 20 
chromosomes, having secondary basic numbers 6, 8 and 10. Out of these forms, pro- 
bably by hybridization, polyploid forms could have developed with numbers as high as 
2n = 112 and 2n — 128. So it is conceivable that the present day S. spontaneum forms 
are constructed from different basic numbers. 

S. spontaneum forms with relative low chromosome numbers of 2n — 48 to 72 are 
known, particularly from India. The 2n — 80 types have a vast extension in Northern 
Celebes, the Philipines, Thailand, Vietnam and Southern Japan. Forms with 2n — 112 
chromosomes are known from Java, Borneo, Sumatra, Sumbawa, but the number 2n 
— 112 was also found by BREMER in a S. spontaneum form of North Africa, known 
under the name Saccharum biflorum FoRrsK. or S. aegyptiacum Wip (8), though 
without doubt being a sub-species of S. spontaneum differing considerably from the 
Java glagah. 

Possibly more S. spontaneum forms will be brought to light, agreeing in chromoso- 
me number, but differing in provenance and in habit. It may be that such forms differ 
considerably in genome composition. The Java type of S. spontaneum n — 56 was sup- 
posed to consist of 6 + 6 +6 +6 +8 +8 + 8 + 8 chromosomes. There are, how- 
ever, several other combinations of 6, 8 and 10 giving n — 56. 

About basic chromosome numbers in Indian sugar canes and in S. sinense nothing 
can be said. PARTHASARATHY may be right when he considers them as products of 
intricate hybridization in the southern regions of India during a long period. 
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We have studied the cytology of Saccharum species and Saccharum species hybrids 
as found in nature. In the last 40 years Saccharum has been frequently crossed with 
species of other genera, and crosses between Saccharum and Sorghum and between 
Saccharum and Erianthus were successful. Some questions about these intergeneric 
hybrids will be discussed in Part V of this paper on Saccharum. 

In 1924, however, the author, studied one cane which was probably considered a 
spontaneous intergenic hybrid (5, 6). It was called Tebu hitam Rokan, a black cane, 
found at the Rokan River in Sumatra. It is a small cane with thin dark red stalks and 
broad inclining leaves. The stalks have a low sucrose content. It had 2n — 55 chromo- 
somes, forming 22 bivalents + 11 univalents to 20 bivalents + 15 univalents at 
meiosis. The cane was sterile on the male side and probably also on the female side. It 
was concluded that Tebu hitam must be a cross between noble sugar cane and another, 
unknown cane. In the same year the author, however, studied a wild cane under the 
name of Saccharum narenga. This cane was so distinct that almost certainly it was 
wrongly classified as Saccharum. In later years it was called Narenga prophyrocoma 
(HANCE) Bor. In the diakinesis stage of meiosis 15 bivalents could be counted, corre- 
sponding with a somatie chromosome number of 2n — 30. This points to a basic num- 
ber of 5. 

Since Tebu hitam Rokan has many characteristics in common with S. officinarum 
there cannot be any doubt that noble sugar cane was the female parent and Narenga 
prophyrocoma with n — 15 chromosomes was probably the male parent. Tebu hitam 
Rokan showed 20 to 22 bivalent chromosomes and 15 to 11 univalents. This points to 
a complete pairing within the haploid complement of 40 chromosomes of S. officina- 
rum and to a weak autosyndetic pairing ability between the 15 chromosomes of the 
haploid set of the Narenga species. 


SAMENVATTING 


Geschiedenis van de suikerrietveredeling. De oorspronkelijke vormen van Saccharum 


In dit artikel wordt een kort overzicht gegeven van de veredeling van suikerriet, zo- 
als deze op Java is uitgevoerd gedurende een periode van ongeveer vijftig jaren. Toen 
in de tachtiger jaren van de vorige eeuw het suikerriet op Java hevig aangetast werd 
door de sereh ziekte, heeft SOLTWEDEL zich reeds in 1887 ten doel gesteld immune vor- 
men van suikerriet door soortskruising te verkrijgen. 

Vooral door zijn vroegtijdige dood is dit mislukt. De eerste soortsbastaarden zijn in 
1893 verkregen door WAKKER, die nobel suikerriet, Saccharum officinarum, kruiste 
met Kassoer, door hem voor een wilde soort gehouden. 

Later bleek uit het morphologisch onderzoek van Jeswier (1916) en het cytologisch 
onderzoek van BREMER (1921) dat Kassoer een spontane in het wild gevonden soorts- 
bastaard is tussen S. officinarum en de wilde glagah, S. spontaneum. Omstreeks 1895 
heeft KoBus de Brits Indische suikerriet variëteit Chunnee, niet behorend tot Saccha- 
rum officinarum, in Nederlands Indië ingevoerd. Het Chunnee riet is voor het eerst in 
1897 met nobel suikerriet gekruist. De kruising heeft vele suikerrietklonen opgeleverd, 
die immuun bleken te zijn tegen de serehziekte, maar in hoge mate gevoelig voor 
mozaiek, gele strepenziekte genaamd. Voortgezette kruising met Kassoer heeft daaren- 
tegen geleid tot klonen die als praktijksoorten in hoge mate resistent bleken te zijn 
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tegen sereh en gele strepenziekte en bovendien een veel hogere opbrengst leverden dan 
de ziektegevoelige klonen van nobel suikerriet. Bij deze veredeling wordt gesproken 
van eerste, tweede en derde nobilisatie van het wilde riet, Saccharum spontaneum. De 
kruising tussen nobel suikerriet en de wilde glagah wordt de eerste glagah nobilisatie 
genoemd. De terugkruising van Kassoer met nobel suikerriet wordt met tweede nobili- 
satie aangeduid. Worden rietsoorten (klonen) der tweede nobilisatie weer gekruist met 
nobel suikerriet, dan heeft de derde nobilisatie van S. spontaneum plaats. De bekende 
rietsoort 2878 P.O.J. is een product der derde nobilisatie. 

S. officinarum, nobel suikerriet, bleek in alle onderzochte klonen 2n — 80 chromo- 
somen te bezitten. Bij S. spontaneum bleken typen met zeer verschillend chromosomen- 
aantal voor te komen, variërend tussen 2n — 48 en 2n — 128. De glagah van Java be- 
zit 2n — 112 chromosomen. Kruisingsproducten der le glagah nobilisatie, S. officina- 
rum (n — 40) x S. spontaneum (n — 56), bleken niet 2n — 40 + 56 — 96 chromosomen 

te bezitten, maar 2n — 40 + 40 + 56 —= 136 chromosomen. In verband met de taxono- 
mie van het geslacht Saccharum zijn tal van andere cytologische bijzonderheden behan- 
deld. S. officinarum heeft als chromosomen-grondtal x — 10; het is dus een octoploide 
soort. Bij S. spontaneum komen waarschijnlijk de grondtallen 6, 8 en 10 voor. 
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ABSTRACT 


That introgressive hybridization played an important role in the origins and further 
development of cultivated plants is a likely hypothesis, yet at present we need to gather 
new kinds of evidence by analysis and experiment. Three likely directions are suggested. 

(1) The study of the origins of cultivated ornamentals. Some ornamental plants are 
among our oldest domesticates; others have been domesticated within the last century. 
These latter are valuable material on which to determine the steps in domestication 
and the resulting changes in the germplasms. As an example well worth further study, 
the Louisiana irises are now well established as a group of cultivated varieties. Intro- 
gression in disturbed habitats under the impact of man produced recombinants of 
more than local interest. This stimulated further collection and controlled breeding. 

(2) Analysis of variation. Analysis of variation complexes (by means of metro- 
glyphs) in variable populations give critical data on domestication. This is illustrated in 
detail for a variable semi-wild population of coffee in Ethiopia, readily resolvable into 
two introgressing complexes. 

(3) Field variability studies in the small grains. Our present understanding of varia- 
tion patterns in the small grains is based upon individual specimens collected here and 
there from varying populations. Particularly near their centers of variability, we need 
to have scrupulously careful studies of a few populations from which such samples 
were drawn. The durum wheat fields in Ethiopia, as an example, are shown to consist 
of mixtures of bread and durum wheats, frequently including barley and sometimes 
lesser millets. They are sown as mixtures, reaped as mixtures, brewed and baked as 
mixtures. In fields of such complexity, opportunities for introgression are greatly in- 
creased. We should perhaps be thinking about the origin of the small grains as a group. 


INTRODUCTION 


In the light of the published work on Introgression it would seem a likely hypothesis 
that introgression has indeed played an important role in the origin and development 
of cultivated plants for at least two reasons: 

(1) Theoretically, introgression not only supplies the heightened variability which is 
the raw material for selection to work upon; the variables which it introduces into the 
breeding population have already been selected to work well together, thus greatly en- 
hancing the possibility that something practicable might be evolved from the complex. 


1) Presented at a conference entitled “The role of introgressive hybridization in the evolution of 
crop plants and their wild relatives’, held at Versailles on 4th January, 1961, by the Section “Wild 
Species and Primitive Forms” of EUCARPIA (European Association for Research on Plant Breeding). 
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(2) To one who has analyzed introgression in natural populations, much of the 
variability in a collection of the varieties of any cultivated plant looks like the kind of 
variation characteristic of naturally introgressed populations. This is particularly true 
when one focuses attention on those features which are most like those of the closest 
wild relatives, rather than on the monstrous characters so greatly affected by artificial 
selection. In maize, for example, the male inflorescence (the tassel) has been only 
slightly modified in cultivation whereas the female infloresence (the ear) has been 
changed almost beyond recognition. Processes whose effects on the tassel are readily 
interpretable are difficult or impossible to disentangle in their effect upon the ear. 

It is, however, much too early to marshall evidence for and against such an hypothe- 
sis; at our present level of understanding it seems more appropriate to suggest three 
directions in which one might profitably look for critical data bearing upon the 
problem: 


L. The study of cultivated ornamentals 
IL. Analysis of variation by metroglyphs 
II. Field variability studies. 


1. THE STUDY OF CULTIVATED ORNAMENTALS 


Virtually all our cultivated crop plants were domesticated before the dawn of 
history; the critical information we should most like to have for interpreting their 
origin and development is not to be had or can only be come by fragmentarily, in- 
directly, and laboriously. Here our cultivated ornamentals present a great opportunity. 
Some of them are among our oldest domesticates; others such as the African Violet 
(Saintpaulia) were domesticated within the last century; a few, such as the Louisiana 
Irises, have become full-fledged domesticates within the last few decades. 

As a documented example of the role of introgression in domestication the Louisiana 
Irises are worthy of more than passing mention. The mutual introgression of Iris 
hexagona var. giganti-caerulea and Iris fulva was studied in detail by Rirey (1938, 
1939a, 1939b). Its taxonomic implications were monographed by Foster (1937). 
RANDOLPH (1934, 1959), Vrosca (1935), DORMAN (1957) and Rrrp (1931) have re- 
ported on various aspects of the problem. ANDERSON used it as an introductory 
example in his treatise (1949) on Introgressive Hybridization. He described in detail 
the way in which these brilliant and diverse irises (the former with large flowers of blue 
and white, the latter with small floppy flowers of terra cotta) had introgressed at the 
site studied by Riey. Thanks to the regular disposition of the narrow farms on the 
lower Mississippi delta, this particular example had almost the precision of a labora- 
tory experiment in demonstrating the connection between introgression and distur- 
bance of the habitat. 

The subsequent history of the site studied by Rirey is significant. Word of the 
existence of these introgressants reached New Orleans gardeners who drove to the 
farm and purchased them at so much a basket. Louisianans and other iris gardeners 
had taken an interest in these brilliant mongrels even before they were called to public 
attention by J. K. SMALL (1927) and by SMALL and ALEXANDER (1931). They occurred 
at various sites in the lower Mississippi delta, frequently in cow-pastures. Collected 
forms passed into local, and eventually international, cultivation. The two species and 
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such relatives as /ris brevicaulis were used for hybridizing by various horticulturists. 
Named varieties (some of them artificially hybridized, others collected introgressants) 
were introduced into cultivation. There is now a whole section of the American Iris 
Society devoted to the study and culture of these Louisiana Irises; there are some hun- 
dreds of named varieties, some of them in world commerce and the group is now a 
well-established domesticate. For this discussion it is an authenticated example of the 
origin of a cultivated plant through hybridization and introgression. For the student of 
domestication, it is more important as a golden opportunity for the precise analysis of 
that process. What happens to the germplasm of a plant when it is domesticated? What 
are the differences, chromosome by chromosome, between wild-growing ris fulva and 
Iris hexagona var. giganticaerulea on the one hand and the cultivated named varieties 
on the other? Along the Gulf Coast, in California, and over much of western Europe, 


these irises are so easy to grow in quantity that a scrupulously detailed investigation of 
the problem would be practicable. 


II. ANALYSIS OF VARIATION BY MEANS OF METROGLYPHS (PICTORIALIZED SCATTER 
DIAGRAMS). 


The kind of variation met with in a collection of the varieties of many cultivated 
plants is similar in aspect to the variation in a population undergoing active introgres- 
sion. This is particularly true if we confine ourselves to characteristics which have not 
been highly modified by cultivation. The differences from one plant to another, or 
from one variety (or group of varieties) to another, is a compound of many little 
differences in proportion, trend, and patterns, no one of which will serve as an efficient 
diseriminator if considered without reference to several of the others (ANDERSON, 
1954a). Characteristically these primary differences are each multifactorial, and fre- 
quently difficult to measure or to score. By an exhaustive study of the variation patterns 
it is nearly always possible to reduce even quite complicated differences i.e. the stria- 
tions of a violet petal (ANDERSON, 1954b), the branching patterns of an inflorescence 
(ANDERSON, 1954c), to a set of meaningful measurements or scores. Since each of these 
characters is multifactorial, by the combination of five to seven discriminators by 
means of metroglyphs (an earlier name for this statistical device was ““pictorialized 
scatter diagrams”) ANDERSON (1957) gives us an efficient sample of the totality of 
germinal differences in the population. Once the primary variables have been appre- 
hended, the analysis of the variation pattern of the population is facile, particularly if 
only two major complexes are involved. If three or more species or races have intro- 
gressed, then the problem is much more difficult. 

In Ethiopia, for instance, building upon the field studies of my student HuGH Roux!) 
I was able to demonstrate that the variation in the so-called wild plantation of forest- 
grown coffee at Buda Buna (near Jimma, Kaffa Province) was due to introgression 
between two strains of Coffea arabica (the classification of this genus is still in a pro- 
visional state). 

In the Buda Buna forest there is taxonomically more variation between the coffee 
bushes than in all the Coffea arabica cultivated in the New World. There is conspicuous 


1) For the privilege of studying Ethiopian crops in the field T am deeply indebted to Mr. Rouk 
and his Ethiopian and American colleagues at the Jimma Agricultural and Technical School. 
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bush-to-bush variation in flower size; corolla lobe proportions; leaf size and shape; 
branching pattern; berry color, shape, and size. The coffee flowers and berries present- 
ed the best material for analysis since they varied less per bush than the vegetative 
characters such as leaf shape and branching pattern. The berries proved more prac- 
ticable to study than the flowers, since the latter only remain in good condition for a 
very few days, whereas the mature berries can be studied for over a fortnight. After 
extensive preliminary studies (including transplant experiments in cultivated plots) the 
variation in the berries was studied by making careful collections of representative 
berries, one per bush, from a number of marked bushes. By selecting a berry which 
was representative of the healthy well-developed berries on each bush, much of the 
variation due to environmental differences was removed from the problem. Careful, 
measured drawings were then made of each berry as seen from the side and from the 
apex. To each drawing were appended the following measurements and scores: 


|. Length of the berry from the pedicel to the apex. 

2. The maximum median diameter and the diameter at right angles to it (a measure of 
ellipticity). 

3. Diameter of the corolla scar at the apex of the berry. 

4. Scorings of color in two classes: 
a. berry ripening directly from green to red, producing a deep red mature berry. 
b. berry turning from green to yellow to red, producing an orange red or orange 

(rarely yellow) berry at maturity. 


The measured drawings were all on papers of the same size and had been made in a 
uniform, standardized fashion. These drawings were spread out on a table and 
examined. With all the other variables removed from the problem it was easy to con- 
centrate on these four which had been selected for special study. It was soon apparent 
that several of the longest berries had small corolla scars and that some of the largest 
scars were on short spherical berries. This was immediately confirmed by a simple 
scatter diagram, plotting berry length on one axis against scar diameter on the other 
axis. The scatter diagram indicated a definite negative correlation. This was encour- 
aging. Had the largest scars been found, as a rule, on the largest berries, this might 
easily have been just a simple consequence of size but when the largest scars were on 
the smallest berries, on the average, and the smallest ones were on the largest berries, 
then it seemed fairly certain that a real genetic difference was involved. 

As soon as this trend was established, the longest berries with small scars were con- 
trasted with the smallest berries with large scars, all the confusing intermediate combi- 
nations of characters being temporarily removed from the problem. It was readily 
apparent that the long-berried, small-scarred extremes tended to be flatter than the 
small, large-scarred berries. The latter were so circular in cross-section that the two 
median diameters (taken at right angles to each other) were approximately equal 
whereas in the long-berried extremes there tended to be a distinct difference between 
the two diameters, the difference being an effective measure of the flatness of the berry. 
This variable was then added to the scatter diagram, using a metroglyph ray position 
to indicate ellipticity scored in three grades. This diagram showed that on the whole the 
longer the berry and the smaller its corolla scar, the more it tended to be elliptic in 
cross-section, while the small berries with large scars tended to be circular in cross- 
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section. The data with regard to berry color were then added to the scatter diagram at 
another ray position. This demonstrated graphically that dark red tends to go with 
long, flat small-scarred berries and orange-red with small spherical, large-scarred 
berries. 

An attempt was then made to see if anything further could be associated with these 
two complexes. Giving equal weight to each, the 4 characters: 


(1) berry length, 
(2) ellipticity, 
(3) scar size, 
(4) berry color, 


were then converted into a simple index running from O (for the small, spherical, 
orange-red, large-scarred extremes) to 8 (for the long, flat, deep red, small-scarred 
extremes). The index numbers were then written on each data sheet and those with low 
indices were compared with those with high indices. Having in this manner removed 
the buik of the intermediates (which tend to confuse the observer) it was comparatively 
easy to perceive that there was an associated difference in the way the berries tapered 
to the apex. Those with low indices tapered gently to the apex; those with high indices 
tapered abruptly. Tapering was then scored (from the measured drawings) in three 
grades and added to the metroglyphs of the scatter diagram. This diagram then showed 
quite clearly that all five of these characters (berry length, ellipticity, color, taper to 
apex, corolla scar size) were associated in two loose complexes: 


1. large flattish, deep red, small-scarred, sharply-tapering. 
2. small, roundish, orange-red, large scarred, gently-tapering. 


With this classification to build on, Mr. Rouk found it comparatively simple to 
associate floral characters, bio-chemical differences, and size and shape of bush with 
each complex and to relate these complexes to studies of forest-grown coffees in other 
parts of Ethiopia. When the wild, semi-wild, and cultivated coffees of Africa are 
eventually definitively monographed it should be possible to associate these two com- 
plexes with the history of coffee domestication. 


III. FIELD VARIABILITY STUDIES OF THE SMALL GRAINS IN KEY AREAS 


In northern India 1 was struck by the mixtures of seed crops which are sown to- 
gether, particularly wheat and barley. In discussing them with Dr. B. P. PAL, the 
Director of the Indian Agricultural Research Institute, he described the much greater 
variability of the grainfields in the foothills of the Himalayas. As he told of conspi- 
cuously varying wheats all planted in one field, it struck me that population samples in 
such key areas would give us new kinds of data about our small grains. Such studies 
could well lead to new insights about the origins of the small grains and serve as guides 
in assessing the potential usefulness of these centers of variability. 

Accordingly, during my short stay in Ethiopia Ll went out of my way to discover 
everything 1 could about the field variability of the wheats, particularly the durum 
wheats for which Ethiopia is one of the Vavilovian centers of diversity. All the bread 
wheats I saw in Ethiopia which were being grown as such were unmixed with other 
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grains (but see below), though there was some variation in awn color and in awn 
length. None the less they were fine looking fields. Those 1 saw near Bishoftu seemed 
equal, if not superior, to the best varieties being tried out at the nearby Experiment 
Station under U.S. auspices. 

The durum wheat fields were quite another matter. I visited one native farm midway 
between Jimma and Addis Abeba and several farms in the highlands west of Jimma 
where further field samples were made for me by the staff of the Jimma Agricultural 
and Technical School. Following my direction, they made a random sample by going 
diagonally across the field, collecting the culm which was closest to the toe of the right 
foot at every second step. All of these fields were extremely variable, of another order 
of variability from any grain fields 1 had previously seen. All of the field samples in- 
cluded bread wheats as well as durum wheats; over half of them included barleys as 
well. There was one sample which included emmer (Triticum dicoccum; emmer is 
commonly for sale in the Jimma market) and one with a plant of Raggee Millet 
(Eleusine corocana). Awn colors varied in both the durum and bread wheats, the latter 
including both long-awned and short-awned sorts. In color the heads varied from jet 
black to grey to straw color and from deep amber to reddish to straw. They varied 
conspicuously in the size and shape of the kernel and the length and density of the 
head. The barleys (all Hordeum deficiens) also varied in awn color. 

Progeny tests were made from one field sample. There was noticeable variability in 
several of the lines. Two of the bread wheats were so variable as to indicate that they 
were only a few generations removed from crosses between differing parents. 

Inquiry from the farmers who were growing these mixed fields, demonstrated that 
they were sown as mixtures, reaped as mixtures, threshed and milled as mixtures which 
were then brewed or baked as the case might be. The durum wheats are traditionally 
used for tedg (a mead-like drink fermented with honey and bitter herbs) and for little 
round loaves of heavy dark bread strongly seasoned with spices. 

The farmers whom I questioned were aware that there was barley in with the wheat 
but the one whom I asked specifically about the bread wheats had never noticed that 
they were in his mixture even though he grew bread wheats in another field. When I 
showed him samples from the two fields he readily admitted the similarity and seemed 
to be surprised and interested. Obviously he had been thinking of the mixed field as an 
entity all in itself. He had, he said, obtained his original seed from his uncle when he 
was a young farmer and had carried it on ever since. 

These two pieces of evidence: (1) that the durum wheats are, in Ethiopia, being 
traditionally grown in mixed plots including bread wheats, barleys, and occasional 
other grains, (2) that some of the wheats from such fields are segregating markedly, 
emphasize the possibile importance of introgression in the origin and development of 
the small grains. The whole subject, however, is one demanding collection and analysis 
rather than discussion and debate. The only point which seems reasonably well 
established is that here is something which needs looking into. It is now evident that 
our classifications of the small grains (including the great Russian collections) are more 
largely based on isolated samples carried back to herbaria than on the fluid popula- 
tions from which such individuals came. 

Serupulously detailed cytological and morphological analysis of population samples 
from such centers as Ethiopia, Anatolia, and northernmost India, should give us new 
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kinds of evidence. If, as seems probable, hundreds of thousands of such mixed plots 
have been growing in various ancient centers (centers of survival more probably than 
centers of origin) the totality of opportunities for introgression have been enormous. If 
there are in the durum wheats characters we should like to have for breeding pro- 
grams with the bread wheats, there is a fair chance that in such mixed fields we might 
find some of them already transferred over to the desired genome, at least in part. It 
would seem particularly important to survey disease resistance among the bread 
wheats which have been growing in mixed fields with durum wheats. 

The existence of such grain mixtures suggests the possibility that it was in mixtures of 
seed crops sown together that our grains had their ultimate beginnings. We should 
perhaps be thinking about the origin of the small grains, rather than about the isolated 
problem of the origin of wheat or of barley. 

These Ethiopian fields are of peculiar significance because they are in Africa. There 
is increasing awareness (MURDOCK, 1959; ANDERSON, 1960) that there was a quite 
independent origin of seed agriculture in Africa. Africa has more unique grains than 
any other region: Fonio (Digitaria exelis), Teff (Eragrostis abysinnica), Canary-bird 
seed (Phalaris canariensis), Riverine Rice (Oryza glaberima). It shares with India two 
other primitive but important grains, Raggee Millet (Eragrostis corocana) and Pearl 
Millet (Pennisetum typhoideum). STurz’s detailed studies of the African and Montane 
ryes have demonstrated (STuTz, 1957) that these perennial ryes were of real importance 
in the origin of weed ryes. 

We now know from the Saharan Cave paintings that there were sophisticated cul- 
tures in the grasslands of the Sahara during the last inter-pluvial. We need to keep our 
minds open to the possibility of a proto-agriculture whose emerging techniques we can 
as yet scarcely imagine. 
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ABSTRACT 


The Poas have adjusted themselves to contrasting climates from warm temperate to 
high arctic regions of both the Northern and the Southern Hemispheres. Their bipolar 
distribution would suggest great geologic age, but they nevertheless have preserved 
evolutionary youthfulness through polyploidy and apomixis. Transfer of large blocks 
of heredities between long separated groups of species is accordingly possible without 
causing disaster to their reproductive mechanism by seed. The Poas have not yet 
reached the limits of their potential to exchange heredities between species that belong 
to taxonomically distinct sections, between species of separate continents, and between 
species of the Northern and the Southern Hemispheres which have remained apart 
since early geologic periods. 


INTRODUCTION 


Introgression achieves a new dimension in polyploid plants that possess highly 
buffered genotypes. In such plants whole genomes, or large parts of genomes, are 
accommodated within complex genotypes of highly diverse species rather than individ- 
ual genes or sections of a chromosome. 

In truly interspecific hybrids the reproduction of a successful new combination is 
precarious. Each species is a complex and highly integrated kind of entity that depends 
upon the proper coordination of multitudes of biochemical and physiological pro- 
cesses for its existence, each process being regulated by a fair number of genes. Each 
species has evolved its own particular pattern of adjustment of these processes. An 
exchange between parental heredities in an interspecific hybrid is therefore likely to 
destroy the pre-existing delicate adjustments and yield progeny having maladjusted 
recombinations. 

Groups of plants that have become apomictic have distinct advantages in reproduc- 
tion because they circumvent the complicated manoeuvres of gene exchange and pro- 
duce seed through a cloning process that reproduces the genotype of the mother plant. 
In partially apomictic species, occasional hybridizations may, in later generations, 
result in a fair number of distinct apomictic combinations, each propagated as a seed 
clone. This dual ability of apomictic species to sidestep sexual reproduction and to 


1) Presented at a conference entitled “The role of introgressive hybridization in the evolution of 
crop plants and their wild relatives”, held at Versailles on 4th January, 1961 by the Section ““Wild 
Species and Primitive Forms” of EUCARPIA (European Association for Research on Plant Breed- 
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multiply the successful combinations asexually explains the high frequency of forms 
that can be recognized within an apomictic complex. 


GROUPS OF THE POA GENUS 


The Poa genus is highly diversified and consists of many groups of species of various 
distinctness (5). The species of the section Ochlopoa are mainly annuals and are some 
of the simplest species of the genus. They are native both in western Europe and 
western North America and are diploid and tetraploid. The best known species of this 
section is the cosmopolitan Poa annua, n — 14, which is sexual and probably an 
amphiploid (22). Another simple group is the section Homalopoa, the diploid Poa 
chaixii-hybrida-remota complex (6) to which also the hexaploid Poa longifolia is related. 
These are perennial bunchgrass species that are native to Europe and the near East and 
are sexual. 

Another sexual group is the section Dioicapoa composed of dioecious species (9). It 
is a New World section, native primarily to temperate South America, and most of its 
species are tetraploid, n — 14. A couple of tetraploid dune species along the west coast 
of North America, and the octoploid Poa arachnifera, n — 28, of the southern Great 
Plains of the United States appear to belong to that section. Another but very different 
Southern Hemisphere group is the Australian-New Zealand complex that centers 
around Poa caespitosa, the New Zealand tussock grass (9). A lowland Australian form 
of this complex has n — 28 chromosomes and is sexual, whereas the lowland New 
Zealand form has even a higher degree of polyploidy, 2n — ca. 96 chromosomes. 
Australian botanists are in the progress of investigating this complex cytologically. 

The topographically highly varied western North America is populated by a Poa 
section composed of bunchgrass species that have been listed as several sections under 
names such as Scabrellae, Nevadenses, and Alpinae (9), the latter not including Poa 
alpina itself, which is a circumboreal species belonging to the section Subbulbosae (5). 
The western North American bunchgrass Poas comprise many species, each of which 
occupies a limited range of habitats but the section ranges from near sea level to alpine 
habitats at about 4,000 meters altitude in the Sierra Nevada of California. Many have 
high chromosome numbers and are apomictic, as, for example Poa ampla, 2n — 63, of 
the Palouse Prairie, and Poa scabrella, 2n — 84, of the California Coast Ranges and 
foothills, 

A mainly apomictic group of entities is the northern circumpolar, rhizome-bearing 
complex of Poa pratensis-irrigata-alpigena and -arctica, which ranges from 30° North 
latitude to above 83° North along the ice-free North coast of Greenland, which is as 
far north as any land plants go (9). The heredities of the species of this group of grasses 
are so mixed that polyploidy cannot be recognized and the chromosome numbers have 
become dysploid (16). 

Another related circumboreal and polyploid group centers around Poa palustris. 
Many species of this group are tetraploid, but others, including P. palustris, nemoralis 
and glauca, have higher levels of polyploidy, and the chromosome numbers vary 
within the individual species, suggesting apomixis. An apomictic species complex of 
the section Tichopoa has irregular chromosome numbers and is represented by Poa 
compressa, which has become cosmopolitan through the influence of man. 
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In a genus like Poa practical breeding work suffers from handicaps, because most 
Poas are wild species. The plant breeder attempts, within an interval of a few years, to 
produce superior plants in a group where nature has experimented through millions of 
years of incessant crossing, recombination, selection, and fitting of the products to the 
available natural environments. The plant breeder desires high productivity, lush 
palatable foliage, and heavy, easily harvested seeds. These aims are usually contrary 
to the characteristics evolved through natural selection in wild species and that have 
stabilized through intricate genetic mechanisms that militate against the breeder’s 
objectives. 

In order to sidestep some of these handicaps our group of investigators attempted to 
cross plants that are native to highly contrasting environments and that, during recent 
geologic epochs, had no opportunity to meet and exchange their heredities. When 
heredities from contrasting climates are combined, one can expect to be able to buffer 
the constitution of the hybrid so that it becomes highly tolerant. In species and races 
that occur adjacent to each other it may be expected that the most successful combi- 
nations have already been produced and tested through natural selection. 

Although only a few of the 200-300 Poa species have been experimentally investi- 
gated, the principles of speciation within this remarkable plant genus are now begin- 
ning to emerge. 


BREEDING SYSTEMS IN POA 


In apomictic plants such as the Poas, the sexual and apomictic processes go on 
simultaneously (7). A vegetative cell in the vicinity of the egg apparatus begins to 
organize an embryo of a genotype identical with that of the mother plant (23). Si- 
multaneously with this, or a little later, the ovule on the sexual side of the egg appara- 
tus may be fertilized by one of the sperm cells from the pollen and may either develop 
or abort. The two central nuclei fuse and are being pollinated by the other sperm 
cell (1, 2), producing the endosperm which can nourish either the asexually or sexually 
produced embryo (24), or in rare instances both. In wild Poas natural selection has 
favored biotypes that produce strong apomictic progeny along with a few weak and 
highly variable progeny via the sexual process (17). Normally the weak sexual progeny 
become eliminated through competition, but the retention of a rudimentary and 
occasionally functional sexual process has evolutionary significance among apomicts 
because it permits occasional hybridization. 

The apomictic plant can be pollinated by the pollen of another apomictic species 
and hybrids obtained on rare occasions. The F, hybrids are likely to be sexual and 
their progeny to segregate strongly in the F,. The hybridization upsets the delicately 
balanced apomictic system by combining two genomes that are adjusted individually, 
but are not mutually adjusted. The maintenance of the apomictic system is dependent 
upon several kinds of balance (7, 10): the degree of apomictic fertility versus the degree 
of sexual fertility of the biotype; the vigor of the apomictic type progeny versus the 
over-all vigor of the sexual progeny; and the speed of development of apomictic 
embryos versus the speed of development of the sexual ovules. Any one of these ele- 


89 


JENS CLAUSEN 


ments of the reproductive processes may vary in the hybrid independently of the 
others, whereas in the apomictic parental species they are fixed. 

Interspecific hybrids between two apomicts usually become sexual and many 
recombinations of the parental characters are segregated in the F,, making it possible 
to select desirable recombinations. The recombinations may be either sexual or apo- 
mictic, or both in various degrees, and it is therefore possible to select segregants of 
many kinds. Segregants that are vigorous and tolerant enough and that have sufficient 
apomictic fertility and have relatively few and weak sexual aberrants, have recaptured 
apomixis in the evolutionary sense. 

Apomictic species and hybrids are notorious for their abnormal chromosome com- 
plements because the occurrence of apomixis has forestalled the elimination of chro- 
mosomally unbalanced genotypes. Poa ampla, the big bluegrass of the Palouse Prairie, 
illustrates the dual nature of the progeny from a facultative apomict. This species 
exists in the wild in many forms that have 2n — 63 chromosomes, plus or minus, an 
unbalanced complement of 9 sets of 7 chromosomes per set. Ninety to 95 per cent. of 
the viable seeds are produced apomictically, resulting in plants having 63 chromosomes. 
A small fraction of the progeny, 5 to 10 per cent, are aberrant weak sexuals, and they 
vary in their chromosome numbers, having from 2n — 56 (a loss of seven), 2n — 60-63, 
66, 70, 82-84, 90-93, 98-102, 126, to Un — 147 chromosomes, the latter being 21 sets 
of 7 chromosomes. In dense plantings the aberrants become eliminated by competition 
with the more vigorous apomictic type, but the aberrants can be observed in spaced 
plantings. 

In Poa the chromosome number bears no relation to whether the biotype is apo- 
mictic or sexual. Among Poa hybrids, the chromosome number frequently shifts as 
much as 21 chromosomes from one sexual generation to the next, and it may jump 
either up or down along the scale (7, 13, 14, 15, 25). Sexual types have been known to 
lose as many as 36 chromosomes in one generation and become apomictic, or to gain. 
28 and likewise become apomictic. Presumably it is the balance between the genes 
within the chromosomes, rather than the number of chromosomes, that determines 
whether or not a plant is able to organize embryos without fertilization. Whenever 
apomixis has been achieved, however, the chromosome number has become constant 
for that apomictic biotype. 


TOLERANCE OF SEXUAL, POLYPLOID POAS 


The prevalent polyploidy in the Poas buffers the heredities so much that even certain 
sexual species of unrelated sections can intercross without disastrous effects to the 
progeny. The Australian Poa caespitosa is a bisexual bunchgrass, and the North 
American Poa arachnifera a dioecious rhizome grass. Both are sexual and octoploid, 
having 28 pairs of chromosomes. The two species from opposite hemispheres cross 
easily, and the F, is vigorous, bisexual, and fertile, approximating the caespitosa parent 
in appearance, although a few recombinations can be associated with an influence 
from the arachnifera parent (11). The better plants of the F, resemble the F, and are of 
a vigor that is comparable to or better than that of the parental species; they are 
predominantly caespitosa-like with inconspicuous characters from arachnifera. Rare 
arachnifera-like plants were segregated but were weak. A certain percentage of the 
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caespitosa-like F, plants are also weak and become eliminated. Bisexual, male and 
female plants are segregated in the F,, but the degree of maleness and femaleness varies 
greatly from plant to plant. 

The nature of the segregation in this polyploid, sexual hybrid suggests that predo- 
minantly the 28 caespitosa and 28 arachnifera chromosomes pair among themselves in 
the F, hybrid. The presence of rare F, plants approaching arachnifera in appearance 
suggests that occasionally arachnifera and caespitosa chromosomes can be exchanged, 
although usually with rather disastrous effects. The Poa caespitosa x arachnifera 
hybrid therefore acts as a pre-doubled amphiploid that results in autosyndesis between 
the chromosomes of each parent species, although allosyndesis must occasionally 
occur. The experiment shows that even in the sexual species of Poa the breeding system 
is highly flexible. 


SPONTANEOUS ABSORPTION OF HEREDITIES AMONG APOMICTIC POAS 


Natural hybrids are known in the areas where Poa ampla and Poa pratensis meet 
such as the interior of western North America. 

In the Wallowa Mountains near Enterprise, in northeastern Oregon, seeds were 
collected from a local form of Poa ampla that had accepted pollen from a local Poa 
pratensis. An F culture of 240 plants was raised and found to be about 30 per cent. 
apomictc. 

In the experimental plots of the United States Soil Conservation Service at Pullman, 
Washington, another strain of Poa ampla from near Condon in northern Oregon 
crossed spontaneously with an unknown form of Poa pratensis (8). The first generation 
hybrid was highly fertile and sexual, and an F, generation consisting of approximately 
240 plants was grown. These F, plants were generally vigorous and variable, although 
most were pratensis-like with some characters from ampla. None of the F, plants 
approached the ampla parent in appearance, although some could be classified as 
intermediate. Six F3; progenies were grown from six different F plants; five continued 
to segregate, whereas one proved to be approximately 65 per cent. apomictic and has 
so remained in later generations. This apomictic “Condon hybrid” could be classified 
taxonomically as a form of Poa pratensis, but it is taller, has larger inflorescences and 
shorter rhizomes, and grows actively during the winter, characters that have been in- 
herited from the ampla grandparent. The ampla parent is successful only in the Palouse 
Prairie region in northwestern United States, but the Condon hybrid has a wider range 
of tolerance and succeeds also in California and in the central United States where the 
ampla grandparent fails. 

Another natural hybrid was found near Central Ferry, just north of the Snake River 
in southeastern Washington, between colonies of Poa ampla and P. pratensis (8). 
Several hybrid individuals were transplanted to the garden at Stanford together with 
individuals of the parent species. Only one of the hybrids was vigorous here, and a 
highly variable planting of 100 F, individuals was obtained from its seed. Unlike the 
Condon hybrid, the Central Ferry combination varied in the F, from ampla-like to 
pratensis-like plants, and the segregants were weaker than either parent or the F, and 
many died early. The Condon and Central Ferry hybrids exemplify therefore contrasts 
in the success of hybrid combinations; one was in general highly successful, and the 
other distinctly unsuccessful. 
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In the northern mountains of Sweden, Poa alpina of the section Subbulbosae likewise 
intercrosses with the local forms of the Poa pratensis complex (23). Poa alpina is a 
circumboreal, high-latitude and high-altitude grass of loose bunches which has a long, 
attenuate ligule and slight pubescence on the lemma. It is composed of sexual and 
apomictic forms varying in chromosome number. Intermediates are found in natural 
populations that are reminiscent of plants segregated in controlled crossings between 
these two species. In the F‚’s of Poa alpina X P. pratensis, a fair number of plants are 
segregated that look like Poa pratensis but in which the influence of P. alpina can be 
detected in minor details (3, 4). 

Controlled crossing experiments have shown that Poa pratensis can absorb heredi- 
ties from many sources, giving rise to apomictic segregants that taxonomically would 
be classified as Poa pratensis. About 50 distinct apomictice combinations of Poa ampla- 
pratensis and of Poa scabrella-pratensis have been obtained among highly variable F, 
plants. The synthesized apomicts from a single cross can be highly diverse, as seen in 
the progeny of Poa ampla, Kahlotus x Poa pratensis, Athabaska, but they all have 
rhizomes, truncate ligules and pubescence on the lemmas as in Poa pratensis. Some 
synthesized apomicts are as vigorous as either parent, whereas others are slow-growing 
dwarfs; some exceed both parents in their range of tolerance to contrasting climates, 
and others are less tolerant (17, 18). 

The hybrid biotypes that were selected from the crossings mostly combined the 
rhizomes of Poa pratensis with certain desirable characters from the bunchgrass spe- 
cies Poa ampla and Poa scabrella. It was found that when plants with rhizomes were 
selected, other characters of Poa pratensis were also obtained, such as the tufted lemma 
pubescence, and usually the blunt ligule (12). 

It is therefore obvious that Poa pratensis is able to absorb heredities from Poa ampla, 
Poa scabrella and Poa alpina and incorporate these heredities into its own gene reser- 
voir which becomes enriched thereby. Poa pratensis has probably been doing this over 
many millions of years. 

In the light of our present knowledge it is now understandable that Poa pratensis can 
occur over so many latitudes and altitudes, and can exist in the wild with any number 
of chromosomes between 2n — 38 and 2n — 147 (9, 16, 19). Towards the north it 
gradually changes into forms that go under names such as P. irrigata near the coasts, 
P. angustifolia in drier habitats, P. alpigena at subarctic latitudes, and P. arctica in the 
Arctic regions (23). Morphological transitions occur where these entities meet. All 
these entities have the high chromosomal variability and dysploidy that is so charact- 
eristic of Poa pratensis and, in the Poas, is suggestive of apomixis. 

The whole Poa genus combines an ability to produce polyploids with an ability to 
reproduce either sexually or by apomixis, thereby enabling its species to absorb here- 
dities from other species and to develop highly tolerant forms, some of which in regio- 
nal floras have been named species. The Poa pratensis group has been able to do this on 
a grander scale than any of the other species, and as it spread over the Northern 
Hemisphere it absorbed genomes from many different sources, so that at present it is 
not possible to trace its ancestors, many of which may have disappeared. 

Poa pratensis has evolved into one of the most highly buffered and tolerant species 
complexes that now ranges from about the 30th North latitude to above the 83rd, and 
occurs from sea level to an altitude of 4,000 meters in alpine habitats in the Sierra 
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Nevada of California. The alpine ecotype of Poa pratensis does not share the high 
degree of tolerance of the other ecotypes of that species, but is highly restricted and 
specialized. 


HAS POA PRATENSIS REACHED ITS LIMITS IN EVOLUTION? 


We have definite evidence that present wild forms of Poa pratensis are still able to 
absorb new and highly contrasting heredities. Recently we succeeded in synthesizing a 
new apomict that combines parts of genomes of four highly contrasting systematic 
entities that came from a great range of climates (11). The parents of this quadruple 
hybrid belong to two distinct sections of the genus, the western North American 
bunchgrass section and the Pratenses, and they span climates from coastal warm 
temperate to subarctic and continental. The new apomict combines second generation 
apomicts of two primary hybrids, Poa scabrella-pratensis and Poa ampla-alpigena. 

Each of the parental primary hybrids had passed through sexual second generation 
readjustments that had been stabilized into apomictic biotypes. The two new apomicts 
were highly distinctive; they contrasted in morphology and periodicity, were highly 
tolerant and as apomictic as wild species. A cross between them resulted in many non- 
hybrid maternal types, and more than 60 variable quadruple F, plants. Six F, popula- 
tions were grown, three of which were sexual and variable, and three that were apo- 
mictic in various degrees. One of these was as apomictic as the wild forebears. 

The four parents of this quadruple hybrid were the following: (1) the winter-active 
summer-dormant bunchgrass species Poa scabrella from the mild Coast Range of 
southern California at 34° North latitude; (2) a winter-dormant summer-active form 
of Poa pratensis from a fairly continental mountain climate in the Sierra Nevada at the 
38th latitude and an altitude of 1,400 meters; (3) the tall, winter-active bunchgrass 
species Poa ampla from the continental Palouse Prairie in Washington at the 46th 
North latitude and altitude of 750 meters; and (4) the subarctic Poa pratensis alpigena 
from Swedish Lapland at the 68th North latitude and an altitude of 400 meters. 
Probably no other hybrid combines heredities from habitats so contrasting as the 
heredities that have entered this hybrid. 

The morphological characters of Poa scabrella-pratensis-ampla-alpigena are such 
that it should be classified as a Poa pratensis although it has absorbed certain charac- 
ters from its scabrella and ampla great-grandparents. It has 2n — 71 chromosomes, 
well within the range of its parental species and a very common number in Poa praten- 
sis. Like wild apomicts, this quadruple apomict throws a few weak aberrants. Its range 
of climatic tolerance is not known, but in the experiment garden at Stanford it is 
among our most vigorous Poas, and it has survived for 7 years at the 3,000 meter 
altitude of our Timberline station, indicating that its tolerance probably is slightly 
better than that of the average Poa pratensis. 
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ABSTRACT 


The “colchicine-grafting’”” method of doubling the chromosome number of potato 
cuttings was used successfully for producing hexaploids from the triploid “species”, 
Solanum X juzepcezukii. All the plants with hexaploid flowers were triploid/hexaploid 
sectorial chimeras. Seeds were obtained from crosses of the hexaploid parts with both 
an andigena-tuberosum hybrid and a tuberosum variety. 


1. INTRODUCTION 


Doubling the chromosome number of a potato species or hybrid is easy if the col- 
chicine treatment can be applied to seeds, and the method of SWAMINATHAN (1950) has 
always been satisfactory when used by the present author. Doubling the chromosome 
number of a clone, however, is much more difficult. JOHNSTONE (1939) used the method 
of smearing the eyes of tubers with one per cent. colchicine in lanolin so that the 
sprouts had to push through about 3 mm. of the paste. STELZNER (1941) reduced tubers 
to a single sprout, plunged the remaining sprouts in 0.6 to 0.8 per cent. colchicine 
solution, evacuated for 5 mins. by an air pump, and then let air in so that the colchicine 
solution entered the sprouts by force. Although the author has had a little success by a 
method similar to that of JOHNSTONE — see HOWARD and SWAMINATHAN (1953) —, 
neither the lanolin paste nor the evacuation technique have been found to be of much 
value, only very infrequent doubled parts being obtained. A further method of col- 
chicine treatment, which can be applied to potato clones, was described by ROTHACKER 
and FIEDLER (1957), who adapted a method first suggested by BECKER and SKIEBE (1955). 
This method, which uses cuttings stood in a colchicine solution, has now been shown 
to be efficient in doubling the chromosome number of the sterile, triploid “species”, 
Solanum Xx juzepczukii. 


2. METHODS AND MATERIAL 


The method consists of standing cuttings, about 6 cms. long, in an aqueous solution 
of colchicine for a number of days, and then grafting the cuttings on tomatoes. The 
results of ROTHACKER and FIEDLER (1957) suggested that the best strength of the 
colchicine solution was 0.05 to 0.1 per cent. and that the optimum time to stand the 
cuttings in the solution was either three or four days. It should, however, be noted that 
ROTHACKER and FIEDLER determined the success of the method by counting the chro- 
mosome numbers of cells in young leaflets and not by observations on either growing 
points or pollen. In the present work only a 0.05 per cent. colchicine solution was used. 
In the first experiment the cuttings were stood in the solution for 1, 2, 3, 4 and 5 days, 


95 


H. W. HOWARD 


but in the second experiment only one time, 4 days, was used. The tomato grafts were 
made by the cleft method, the stock and scion being bound together by strips of dental 


rubber dam. 


Two clones, W.A.C. 421 and 823, of the sterile, triploid species, S. X juzepczukii were 
treated. Crosses were wanted from these two clones, because of their resistance to bio- 
type B of Heterodera rostochiensis (DUNNETT, 1959). Both clones had been found to be 
completely sterile, both as female and male parents, in numerous attempted crosses with 
several potato species including the diploid S. phureja and the tetraploid S. tuberosum. 

Doubled parts of the treated plants were recognised by examining pollen. The pollen 
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PLAN OF A COLCHICINE-TREATED 
CUTTING. X */s. The main stem 
has bent over, and there is also 
a secondary stem. The main 
stem terminates in a triploid/ 
hexaploid inflorescence (see also 
Fig. 2c). The main stem has three 
axillary inflorescences, two tri- 
ploid and one hexaploid. 


of triploid S. X juzepezukii consists nearly entirely of 
small grains which do not stain with acetocarmine, 
whereas the hexaploid anthers contain pollen which has 
a high frequency of large grains which stain readily. 


3. RESULTS 


The results for the first experiment are given in 
Table 1. No plants which were entirely hexaploid were 
obtained, and all plants with some hexaploid flowers 
were triploid-hexaploid sectorial chimeras (Figs. l and 
2). One effect of the colchicine solution (see Fig. 1) was 
to produce plants with several stems; this is the reason 
for giving numbers of stems as well as numbers of plants 
in the tables. However, in no case were hexaploid flo- 
wers found on a secondary shoot growing from an axil 
near the bottom of the main shoot. It can be seen from 
the results that, as ROTHACKER and FIEDLER suggested, 
the treatment should be for at least three days. 

Results for the second experiment are given in Table 2. 
Again all plants with some hexaploid flowers were 
triploid-hexaploid chimeras and hexaploid flowers were 
only found on the main stem. The results show that the 
method is efficient in producing doubled parts, but that 
care must be taken in finding the doubled parts because 
of the chimerical structure of the plants after the col- 
chicine treatment. 


TABLE 1. EXPERIMENT 1; 0.05 PER CENT. COLCHICINE SOLUTION, CLONE W.A.C. 823 


neen No. of cuttings No. of shoots No. of 3 x/6 X 
Soden treated examined chimerical shoots 
Ì 5 u 0 
2 5 17 0 
4 4 17 1 
5 3 12 1 
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TABLE 2. EXPERIMENT 2; 0.05 PER CENT, COLCHICINE SOLUTION FOR 4 DAYS 


IORENS. No. of cuttings No. of shoots No. of BO 
treated examined chimerical shoots 
NWEANCRA2 8 16 2 
W.A.C. 823 5 13 3 


4. HEXAPLOID S. X JUZEPCZUKII 


The hexaploid flowers were recognised by examining anthers. The triploids have 
only about one per cent. of “good” pollen — a count for W.A.C. 421 being 4 “good” 
grains in a total of 261. The hexaploids on the other hand had over 80 per cent. of 
“good” pollen — a count for W.A.C. 421 being 441 “good” grains in a total of 510. The 
hexaploid flowers could also be recognised by their anthers which were much thicker 
than those of the triploid. The corollas of hexaploid flowers were usually somewhat 
larger than those of triploids, but this was not a reliable character for distinguishing 
between the two because of a considerable variation for flower size shown by the 
triploids. 

Triploid S. Xx juzepczukii has always been completely male and female sterile. The 
hexaploid on the contrary (Fig. 2) was easy to cross as female parent with an andigena- 
tuberosum hybrid. An average of 64 seeds per berry was obtained. The hexaploid also 
proved fertile as a male parent; in crosses with the variety Ackersegen as female 
parent, five berries containing a total of 168 seeds were obtained. 

S. X juzepczukii is usually considered to have originated as a hybrid between the 
wild, tetraploid species, S. acaule, and a cultivated, diploid species (HAwKES, 1956). 
Also, according to WANGENHEIM (1957), S. acaule, although it is a tetraploid, behaves 
like a diploid in hybridization experiments. Hence hexaploid S. X juzepczukii would 
be expected to function as a tetraploid when used as a parent and to hybridize success- 
fully, as has in fact been found, both as a male and female parent with tetraploids such 
as S. tuberosum and andigena-tuberosum hybrids. 


5. TRIPLOID-HEXAPLOID CHIMERAS 


The triploid-hexaploid chimeras suggest that layer II, from which the pollen mother 
cells are formed, is derived from only two cells at the stem apex. Thus, as is shown in 
Fig. 2, the first inflorescence, which in the potato is terminal and dichotomous (two- 
forked), consisted always in the chimerical shoots of one half with triploid flowers and 
one half with hexaploid flowers. Later inflorescences were either entirely triploid or 
hexaploid (Fig. 1), or very rarely chimeras like the first inflorescence. Also there were 
never observed flowers with some anthers triploid and some hexaploid, and all chime- 
rical inflorescences were of the type shown in Fig. 2. 

With clone W.A.C. 823 there was some suggestion (Fig. 2, c and d) that the hexa- 
ploid parts of the plants tended to be outgrown by the triploid parts, but this was not 
seen for clone W.A.C. 421 (Fig. 2b). However, with both clones, it was possible to find 
axillary inflorescences which had only hexaploid flowers (Fig. 1). 
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FIG. 2. INFLORESCENCES OF S. X JUZEPCZUKII. X 2/3. 
(a) __ Normal inflorescence to show dichotomous structure. Order of flower opening shown 
by figures 1-6. 
(b-d) Inflorescences of colchicine-treated cuttings, flowers pollinated with an andigena- 
tuberosum hybrid. The hexaploid flowers have produced berries, but the triploids are 
sterile. 


Some leaves also showed a sectorial triploid-hexaploid composition (Fig. 3). The 
leaflets on the hexaploid side were relatively broader than those on the triploid side — 
this increase in relative breadth has been observed previously to follow from a 
doubling of chromosome number in a wide range of potato material, HOWARD (1960), 
tables 10 and 12. 

Although a two-celled primordium for layer II at the stem apex is suggested by the 
observations recorded above, other results for full pink/splashed pink, periderm- 
pigmented, chimeras in the variety Gladstone suggest that for layer 1 at the stem apex 
are at least six cells in the primordium (HowARrD, unpublished). In another dicotyle- 
donous family, the Cruciferae, colchicine experiments also suggest that there are at 
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in iT: 


FIG. 3. TRIPLOID/HEXAPLOID SECTORIAL CHIMERICAL LEAF. Left-hand side triploid, right-hand side 


hexaploid. Note the broader leaflets (R1 and R2) of the hexaploid side when compared with 
those of the triploid side (Ll and L2). 


least five cells at the primordium in layer II at the stem apex. Thus, in the inflorescence 
of Brassica and Raphanus after colchicine treatment, there were seen doubled sectors 
involving only about a fifth of the flowers and which were constant in position all the 
way up the main terminal racemose inflorescence. Also, in these two genera, there were 
observed flowers in which some anthers were tetraploid and others diploid (HOwARD, 
1938). Such flowers were looked for in the S. X juzepczukii material, but were not 
found. 
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ABSTRACT 


In experiments conducted with rye over the years 1951 to 1959 inclusive, the writer 
found that the leaf number per plant can be increased considerably through selection. 
This increase of the leaf number appeared to result in an increase of the total leaf area. 

A selection from Petkus winter rye which showed a higher leaf number (called 
selection H) in a field trial gave a lower yield than the original Petkus rye, perhaps as a 
result of inbreeding. However, such a selection may offer prospects as a fodder crop. 


INTRODUCTION 


In the years 1951 to 1955 inclusive an extensive study was made on the growth of 
cereals (1, 2, 3). In particular the number of leaves of the main axis were measured and 
the corresponding leaf surface was computed of Petkus winter rye. 

Some results for Petkus winter rye are presented in table 1. 

From table 1 it is apparent that the average leaf number of Petkus winter rye de- 
creases with every following sowing date but after very late sowing increases again. It 
is well known that the leaf number increases during the vegetative stage. As soon as the 
generative stage is entered leaf formation is discontinued. The vegetative stage is 
shortened when sowing takes place later so that fewer leaves can be produced. If 
sowing is done in February the induction of the generative stage can be retarded be- 
cause of insufficient vernalisation. This is the most obvious explanation of the fact that 
the leaf number increases again after sowing late. The difference in ultimate leaf num- 
ber between several years can be explained by climatic conditions (1). 

Furthermore the table shows that within one sowing date there is a small variation 
in the leaf number. It is possible that here a genetic difference plays a role since rye is a 
eross-fertilizing crop. 

If plants ultimately produce a different number of leaves there must be a moment 
when this difference is visible for the first time and it would be important to find this 
stage. 

During leaf measurements it had been observed repeatedly that just prior to and 
during tillering there were plants with one additional leaf (see figure |). 


This brought us to consider more closely whether there is a relation between these 
plants and the ones which had ultimately one leaf more. It is not easy to demonstrate 
that this is actually the case since the data were always derived from other plants. On 
the other hand it is not logical to assume that plants which once have gained an 
advance in leaf number would lose this gain during their further development. It seems 
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TABLE 1. VARIATION IN THE NUMBER OF LEAVES OF PETKUS WINTER RYE 


Number of plants out of 20 with number of leaves indicated 
: above the columns 
Date of sowing 
10 11 12 13 14 15 
1951/52 CI 1203 
2/10 UD) 8 
15/10 Om 10 
12/11 16 4 
17/12 16 4 
14/1 16 4 
7/2 12) 8 
1952/53 CI 1407 
25/9 | 14 6 
15/10 2 18 
14/11 18 2 
lS 6 14 
21/1 14 6 
21/2 10 10 
1953/54 CI 1602 
25/9 12 8 
15/10 10 10 
16/11 16 4 
15/12 16 4 
15/1 16 4 
7/2 12 8 
1954/’55 CI 1826 
15/10 1 13 6 


logical therefore to suppose that plants which during their vegetative development 
have one or two leaves more than others will also later possess a higher final leaf num- 
ber, although this need not be always the case, as will appear later. 

The reason why this character was studied more closely was that it may offer possi- 
bilities for selection because a higher leaf number may lead to a larger area of assimila- 
tion with a possible higher yield of grains. 

The leaf number has been taken as a selection criterion in tobacco (4) and in maize 
(5). Hurr found in maize that the mean leaf number of the sample selected in F; ex- 
ceeded F, significantly. VoN LocHow (6), the breeder of Petkus winter rye, found as 
far back as 1900 that a difference in the number of internodes in rye exerted little 
influence on the production capacity or on the relation kernel/straw. 


MATERIAL AND METHOD 


Of the variety Petkus winter rye about 1,000 seeds were laid out. After emergence 
the plants were regularly observed. From the seedling plants individuals were selected 
with one leaf more. These plants were raised on a field in a wood in order to be sure of 
good isolation. 
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FIG. 1. RYE PLANTS. RIGHT: NORMAL NUMBER OF LEAVES; LEFT: ONE ADDITIONAL LEAF 


The leaves were counted according to the following method: From the 4th or Sth 
leaf onwards the newly formed leaves on the main axis were counted and marked with 
quick drying red paint while the date of observation was noted. In this way the growing 
of the plants and the number of leaves could be followed quite conveniently. By re- 
moving in time the plants which were lagging behind in leaf number, so via negative 
selection, seed was obtained from plants with a higher leaf number. At the same time 
some normal plants were transplanted of which as control also leaf counts were made. 
These plants were removed before flowering to prevent undesired pollination. 


OBSERVATIONS 


The result of the first year (sowing date 23 Oct. 1956) was a leaf number varying 
from 13 to 15. Of 11 plants 7 have been retained which had produced more than 13 
leaves. The number of more than 13 had been taken because there were also control 
plants with 13 leaves. These 7 plants have been isolated together and harvested. 

On 12 Oct. 1957 the seed of the plants was sown taking care that depth of sowing 
and plant distance were the same everywhere. 

On 17 Jan. 1958 negative selection was practised; all plants were numbered by 
means of labels. Finally the total leaf number varied from 12 to 15 whereby 12 was an 
exception. Ultimately 40 plants with more than 13 leaves have been retained, since also 
some plants with 13 leaves occurred in the controls (Petkus winter rye). 

A survey is given in fig. 2. 
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Mean number of Leaves 


15 
14 1957/'58 C 
13 e selected plants 


X control (orig. Petkus) 


17/1 11/2 413 29/3 12/4 19/4 29/4 12/5 
Date 


Fig. 2. MEAN NUMBER OF LEAVES DURING DEVELOPMENT OF PLANTS SELECTED 
FOR HIGH LEAF NUMBER AS COMPARED WITH PETKUS WINTER RYE 
(1957/58) 


This lay-out is no proof that selection had given progress. To prove this the average 
of the selection would have to be compared with the average of the controls. However, 
fig. 2 is an indication how differences between the selected plants and the controls is 
expressed; in an early stage already, at the beginning of tillering (4th leaf), there was a 
sudden advance of one leaf which increased little during winter. When the 8th leaf had 
been formed the advance had increased to 14 leaf while the ultimate average difference 
was 2 leaves. 

In the season 1958/59 sowing was done a week earlier, viz. on 6 October, since 
counting the leaves in winter may present great difficulties owing to possible snow-fall. 
Selection could be carried out now as early as 5 December. The described selection 
method was continued, only plants with more than 15 leaves were retained (fig. 3). For 
this purpose it is necessary to follow leaf development till emergence of the last leaf. In 
a part of the primary plants, which in mid January had one leaf more than the controls, 
no further selection was practised. These plants had to supply some sowing seed for a 
small yield trial. 

The seed destined for further selection was sown in the same field on 24 September 
1959. This was done as described before. The leaf number of the plants kept by selec- 
tion varied from 16 to 18. 

From figs. 2 and 3 it is apparent that the plants retained at the beginning of counting 
(at about the tillering stage) had on average about one leaf more and that this difference 
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Mean number of Leaves 


15 be) 
1 ; 

14 958/'59 

13 e selected plants Ae 


15 X control (orig. Petkus) 


u 


10 


23/4 2/5 
Date 


27/2 12/3 26/3 9/4 


Fig. 3. MEAN NUMBER OF LEAVES DURING DEVELOPMENT OF PLANTS SELECTED 
FOR HIGH LEAF NUMBER AS COMPARED WITH PETKUS WINTER RYE 
(1958/59) 


after the appearance of the last leaf had increased to two. In other words selection had 
taken place for an accelerated speed of leaf induction. This is in close agreement with 
what has been suggested in the beginning. 

Tables 2 (1958/59) and 3 (1959/60) present counts of a number of individual plants 
as an example (not a sample) which show that an advance at the start need not always 
lead to a higher leaf number. 


TABLE 2. NUMBER OF LEAVES 1958/59 FOR SEPARATE PLANTS 


Date of counting 


17/1 


ARRA ANR A 


11/2 4/3 29/3 12/4 19/4 | 28/4 
| 
s 6 if 9 10 U 
s 6 7 8 9 u 
6 7 8 10 hi 12 
s 6 7 8 9 U 
s 6 7 8 9 10 
s 6 7 8 9 10 
s 6 7 8 9 10 


The plants marked * have been excluded from propagation. 
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TABLE 3. NUMBER OF LEAVES 1959/60 FOR SEPARATE PLANTS 


Date of counting 


28/12 42 7/3 26/3 7/4 20/4 2/5 7/5 
6 7 9 1 1) 14 16 17 
7 8 9 1 12 14 16 17 
7 9 10 12 13 15 16 17 
7, 8 9 1 12 14 15 16 
7 8 9 1 12 14 15 16 
6 7 9 hi 12 13 15 16 
7 8 | 10 12 13 15 16 16 
6 7 | 10 12 13 15 16 16 
6 8 9 1 12 14 16 16 
6 8 9 1 12 14 16 17 
7 8 10 12 13 15 17 18 
/ 8 10 1 12 14 15 16 
6 8 9 1 12 14 15 16 
ij 8 10 BI 12 14 16 16 
7 8 9 LI 12 14 15 16 


TESTING THE HEREDITY OF LEAF NUMBER 


A small yield trial (IBS 394) was laid out with the seed mentioned before, with Pet- 
kus original as a standard; the sowing date was 3 December 1959. The selection will be 
called selection H. 

After emergence selection H appeared to be clearly larger. On 10 March 1960 during 
tillering the leaves were counted and measured. After mathematical analysis it was 
shown that the 4th leaf of selection H was longer than that of Petkus original. The 
method of WiLcoxoN was used and the significance was 99.99, 

Furthermore in 1/3 part of the total number of plants the Sth leaf was already pre- 
sent while in the Petkus control not a single plant had developed this leaf. There was 
also a clear difference in the number of side shoots in favour of selection H, with a 
significance of P between 10 and 5 %. 

In table 4 a survey is given of the average leaf lengths in mm. 


TABLE 4. AVERAGE LEAF LENGTHS IN MM OF PETKUS WINTER RYE AND SEL. H 


| | 
Number of Number of 
Leaf Nr. | l | 2 | 3 | 4 5 | side shoots | observations 
Selecon menen | | 66 53 | Di) 1.3 | 31 
Poe SS se 0.8 | 32 


The difference remained clearly visible. On 12 April the leaves were once more 
counted and measured. As it was not possible to measure the length of all the leaves 
this was only done with the youngest leaves. The results are presented in table 5. 
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\ TABLE 5. AVERAGE LENGTH OF THE YOUNGEST LEAF IN MM OF PETKUS WINTER RYE AND SELECTION H 
| The figures between brackets indicate the number of cases 
L 


| 
BENT É 6 7 8 9 | Number of side Number of 
| shoots observations 
Sel. H | 99 (22) | 81 (18) | 85 (3) BES 43 
Petkus | 105 (7) [102 (18) | 90 (11) | 86 (1) 35 (1) 257 38 


From this table it is apparent that selection H has remained in advance. In selection 
Hall 7th leaves were visible while in the controls (Petkus) in 25 out of 38 plants the 7th 
leaf was not yet visible. 

The number of side shoots appears to be considerably higher in selection H. Accord- 
ing to the test of WILCOxoN the significance of the difference is 98.65. From this it is 
also apparent that there exists a correlation between the leaf number and the number 
of side shoots. 

From the measurements it is possible to gain some insight in the length of leaves. 
The data available are summarized in table 6. | 


TABLE 6. LEAF-LENGTH IN MM OF PETKUS WINTER RYE AND SELECTION H 


Leaf Nr. | 1 | 2 | 3 | 4 | 5 | 6 | 7 
Selection H | 54 59 66 53 99 
Petkus | 56 56 64 105 102 


Although the data are far from complete there is a strong impression that selection 
H at the same stage of observation has a larger leaf area. This makes it probable that 
our selection for leaf number (of the main axis) has indeed led to producing material 
with a clear advance on the original variety Petkus as concerns the number of leaves 
on the main axis and the number of shoots. Furthermore it is clear that the length of 
individual leaves and so presumably the leaf area is not inferior. Consequently the 
total leaf area of selection H is larger. 

For a long time Petkus rye remained somewhat shorter and darker in colour. On 
earing selection H seemed to be a little earlier but during flowering there were no more 
differences. Later selection H clearly appeared to be more even because far less off- 
types occurred. The selection therefore also looked a little shorter. In order to obtain 
a correct impression of the number of culms they were counted. Selection H had more 
culms (10%), with a significance of 99 % (selection H on average 99 per meter, Petkus 
rye 89). 


On account of the continual rain of the last summer the firmness stood a severe test; 
fortunately this remained restricted to a heavily drooping crop. There was no difference 
in straw stiffness. The harvest was greatly hampered through bad wheather. Neverthe- 
less the yield could be estimated though the product was of inferior quality. 

The results were as follows: 
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TABLE 7. YIELDS OF PETKUS WINTER RYE AND SELECTION H 


Kernel yield 1000-kernel-weight 
Straw kg/are kg/are ner 
Selection: H opte mensen: goal 40.8 38 
Pels ber Beate EE 77.6 47.6 39 


There was a clear reduction of the kernel yield in selection H and this lower yield 
was regular in all replications. Considering the harvest weather the differences in the. 
straw are to be considered ummportant. 

Two reasons may be put forward for explaining the lower grain yield of selection 
H in comparison to Petkus. In the first place, the mother plants from which it 
originated were selected for leaf number rather than for grain yielding capacity 
Further, their number is small and, therefore, the basis on which this selection rests 
rather narrow. Consequently, the possibility of a certain amount of inbreeding and of 
depression ineluctably connected herewith, must be admitted. 

This drawback might be circumvented by crossing the H-selection with an other 
one also selected for high leaf number but originating from another source. The 
first steps to select such a crossing partner have already been taken, starting from the. 
Zelder variety. 
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SAMENVATTING 


Selectie van rogge op bladgetal 


Aangetoond werd, dat bij rogge het bladgetal van de hoofdas door middel van 
selectie belangrijk verhoogd kan worden. Deze verhoging van het bladgetal bleek 
samen te gaan met een verhoging van het totale bladoppervlak van de plant en een ver- 
hoging van het aantal spruiten. 

Een selectie met hoger bladaantal uit de Petkuser winterrogge bleek in een veldproef 
een lagere opbrengst te geven dan de orig. Petkuser. Het is echter niet uitgesloten, dat 
inteelt hierbij een rol heeft gespeeld. Een dergelijke selectie biedt overigens wellicht 
perspectief als voedergewas. 


REFERENCES 


1. DoBBEN, W. H. vaN, Enige waarnemingen over de groei van granen in het winterseizoen. Jaar 
verslag C.IL.L.O. 1951, 90-100. 


2. DoBBEN, W. H. vAN en HOOGLAND, R. F., De invloed van de temperatuur op de lengte van de 
bladeren bij wintergranen. Jaarverslag C.I.L.O. 1953, 97-100. 

3. DoBBEN, W. H. van, De invloed van D.N.C.-bespuitingen op de groeiwijze van winterrogge (1952- 
’53-’54). Jaarverslag C.1.L.O. 1955, 133-141. | 

4. HONING, J. A, De veredeling van tabak. In: WELLENSIEK, S. J., Grondslagen der algemeene plan- 
tenveredeling. Haarlem. 1947: 382-426. | 

5. Hurr, Frep H., Recurrent selection for specific combining ability in corn. Journal Am. Soc. of 
Agr. 37 (1945): 134-145. 


6. LocHow, F. von, Die Züchtung des Petkuser Roggens. Fühling’s Landwirtschaftliche Zeitung 
49 (1960): 28-37. 


108 


Euphytica 10 (1961): 109-112 
THE WORK OF FAO IN THE FIELD OF CROP 
IMPROVEMENT!) 


J. G. KNOLL®) AND G. JULÊN®) 
Received 20 dec. 1960 


ABSTRACT 


The authors give an impression of the work of FAO, in particular with regard to 
plant breeding. When a project is well established and is running smoothly FAO 
transfers its tasks to others and devotes itself to related or other fields where assistance 
is needed. For instance the maize project has been taken over by Eucarpia, new projects 
are waiting. The activities for the World Seed Year will reach their climax in 1961. 


INTRODUCTION 


Since its establishment FAO has given crop improvement and plant breeding a high 
priority in its program of work. The members of EUCARPIA’s Maize Section might 
be interested in getting some information on it, and we should therefore like to take 
this opportunity of giving you very briefly a review of the way in which FAO has 
tackled the problems in this field, the results so far obtained, and how we hope to 
develop the work in the future. 


FAO FACES ITS TASK 


When FAO started its work, it had to face the problem of a world with a rapidly 
increasing population, a great part of which was suffering from starvation or malnu- 
trition. In many parts of the world the yields were very low, sometimes due to un- 
favourable environmental conditions, but more often due to the inadequate utilization 
of the natural conditions through primitive and poor cultural practices and the use of 
low-yielding varieties. The yields produced under such conditions were very often 
reduced due to attacks of pests and diseases as most varieties were not resistant and as 
there were no means to control such hazards. 

It should be possible to increase the yields substantially over large areas. Dry land 
could be irrigated, swampy land drained, soil fertility increased in different ways, 
improved cultural practices introduced, new high-yielding varieties resistant to 
diseases and pests developed, and chemicals used to control diseases, pests and weeds. 
But to bring about such development, economic and technical assistance was necessary. 
In the starving parts of the world the countries had not the capital to invest in large 
improvement schemes. There were very few trained technicians, no possibilities for 
training and education in these fields, and few research institutes and experimental 
stations. 


1) Paper presented to the First Meeting of the Maize Section of EUCARPIA, Rome 1960. 
2) Director, Plant Production and Protection Division, FAO, Rome. 
*) Plant Breeding Specialist, Crop Production and Improvement Branch, FAO, Rome. 
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FAO HELP 


| 

In order to assist countries to improve their farming conditions FAO provided, 
experts to explore the possibilities for improvement, to assist governments in planning , 
their improvement programs, and to train technical personnel. To overcome the lack , 
of scientifically trained personnel, numerous fellowships were offered, enabling stu- 
dents to undertake higher studies abroad. 

It was found that the limited facilities and available personnel could best be utilized 
by combining the efforts of several countries with similar problems and encouraging a 
cooperative approach to problems on a regional basis. Regional projects were started 
with working parties dealing with special problems. These working parties held annual, 
or biennial meetings at which progress was reviewed and plans were made for investi- | 
gations to be conducted on a cooperative basis. In the meantime regional advisers and , 
experts were assisting countries in the planning and development of their programs. 


meh 


FAO AND PLANT BREEDING 


a 


In the field of plant breeding three working parties were established, one on rice, 
the most important food crop in the Far East, one on wheat and barley in the Near 
East, and one on hybrid maize in Europe and the Mediterranean countries, a new 
promising crop in that region. | 


The rice breeding project 


In the cooperative work on rice breeding, a hybridization project on indica and { 
japonica rice was undertaken at an early stage which aimed at the development of ° 
improved varieties combining the high fertilizer response of japonica rice with the 
adaptation to tropical conditions of indica. Another aspect which is gaining increasing 
interest is breeding for wide adaptability. Most rice varieties are very sensitive to 
changes in environmental conditions and can therefore be used only in restricted 
areas and seasons. However, some varieties have been found which have very wide 
adaptation and therefore can be grown profitably over wide areas and in different 
seasons of the year. Such varieties are characterized by low sensitivity to changes in 
photoperiod or temperature or to both these factors. At the same time as the breeding 
work is directed towards the development of such varieties, the organization of exten-_ 
sive varietal trials is encouraged in all countries in order to find among already existing 
varieties those with the widest adaptability and thus make it possible to reduce the 
number of varieties. Finally, breeding for resistance to diseases is becoming more and 
more important. The cooperative work is for the time being concentrated on breeding, 
for resistance to blast, and the establishment of uniform blast nurseries in all coopera- 
ting countries is now planned in order to facilitate the work of plant breeders in the _ 
region by providing from different sources material containing genes for resistance. 


The wheat and barley project 


The Wheat and Barley project covers the countries of the Near East region. It is an 
important project because wheat and barley are grown on 34 per cent. of the arable 
land, constitute 81 per cent. of the total food grains and represent approximately half 
the calory and protein value of the diet of the 130 million people in the area. In this 
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project all major problems in cereal production have been tackled and plans have been 
made for cooperative investigations to strengthen national cereal breeding programs 
in the region. Disease resistance has been one of the main breeding aims from the be- 
ginning. Cooperative rust and bunt nurseries have been established in participating 
countries. A cooperative rust survey was initiated to study the incidence and develop- 
ment of rust epidemics and to identify the races and determine their prevalence and 
movement within the region from year to year. 

The hybrid maize project 

The hybrid maize project in Europe and the Mediterranean region started as a 
means for coordination of the trials of promising American and Canadian maize 
hybrids and developed into close cooperation between the countries which breed 
hybrid maize by exchange and joint testing of breeding material. 

EUCARPIA is now taking over the responsibility for this project which was started 
by FAO in 1947. Itis hoped that it will now continue and develop successfully under its 
new organization. Farmers in the region are already deriving substantial benefit from 
North American hybrids and will do so increasingly in the future, but when European 
and Mediterranean hybrids are available, these will make an even greater contribution 
to agricultural production in the region. 


Other activities 


In addition to these regional projects, cooperation between breeders was facilitated 
by exchange of breeding material and technical information organized by FAO and by 
the publication of World Genetic Stocks Catalogues and World List of Plant Breeders. 


Results 


This work has stimulated a remarkable development in plant breeding in the Far and 
Near East. New plant breeding institutes have been established, the working facilities of 
old ones have been improved, the number of breeders has increased, and new varieties 
have been released or are under final test, some of these substantially out-yielding the old 
local varieties, others being superior with regard to disease resistance, straw strength, 
response to fertilizers or other important characters. Concerning the hybrid maize 
project, the use of hybrid varieties is increasing every year and they now cover a con- 
siderable portion of the maize area in the European and Mediterranean regions. 


FAO TRANSFERS ITS TASKS WHEN A PROJECT IS WELL ESTABLISHED 


There must always be a flexibility in the work of FAO. When a project is well estab- 
lished and the work is running smoothly, FAO has either to withdraw and devote it- 
self to new problems or widen the programs of the projects and include related fields 
where assistance is needed. Thus, the maize project has been taken over by EUCAR- 
PIA, the Working Party on Rice Breeding has been re-organized and will now cover 
all aspects of rice production and protection and as to the Wheat and Barley project, 
the work is to be intensified and enlarged. 

New projects are awaiting. In the African region grain legumes are a very impor- 
tant crop, being the main source of protein for direct human consumption where 
animal proteins are lacking. However, the production of grain legumes increases much 
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slower than the population, and an acceleration of the production is necessary. A start 
in this field has been made by the collection of information on the botanical, mor- 
phological and agronomic characters of species and named varieties which have been 
published in the “Tabulated List of Tropical and Subtropical Grain Legumes”. 
Extensive testing of species and varieties under various ecological conditions followed 
by a selection and hybridization program and in cooperation with improvement of 
cultural practices is desired, and it is hoped that a project with the aim of assisting 
countries in developing such a program will materialize. Other crops of great im- 
portance in this region are sorghum and other millets and tropical types of maize. 

In the Mediterranean region, in the Near East and in Central and Latin America, 
working parties for pasture and fodder development have been established. These 
working parties have so far given their main attention to various aspects of grassland 


management, distribution of different species of grasses and fodder legumes, plant 
introduction and adaptation of species, varieties and strains. A natural development in 


the future will be to include in the program the selection and development of well 
adapted varieties. 

The production and distribution of seed of improved strains is of paramount im- 
portance in a national erop improvement program. Unless effective provision for these 
services is made, the work which goes into the breeding of new strains and the testing 
of their range of adaptation is largely wasted. There can be little doubt that this was 
the weakest phase of the crop improvement program in many countries, including even 
some of these which had relatively well developed technical and extension services. 
Various activities designed to encourage the development of more efficient national 
seed production programs and policies have therefore contributed towards the varietal 
improvement program of FAO. One of the main activities has been the collection and 
dissemination of information on the organizational and technical problems in seed 


certification and seed testing. In order to assist countries in their work on seed certifi- - 
cation schemes Minimum Seed Certification Standards for Hybrid Maize in European - 
and Mediterranean countries and for cereals in the Near East were published in 1953 
and 1958 respectively. These minimum standards have now been adopted in the 


majority of the countries concerned. 


In close connection with the work on plant breeding and seed improvement is the 
World Seed Campaign. The ultimate objective of this world-wide activity is to bring to 


the attention of all agricultural producers the value of high quality seed of improved _ 


varieties and to promote its widespread use by education, demonstration, publicity and 
all other possible means. The response to this Campaign has been very favourable, 
with 76 member countries actively participating. In most member countries national 
seed campaign committees have been set up, and national programs for the Campaign 
have been elaborated. The programs naturally vary in different countries but they all 
aim at increasing the understanding of the value of improved varieties and high quality 
seed, and of improved production and distribution of such seed. These activities at a 


national as well as at an international level with reach their climax in 1961 which has | 


been designated as the “World Seed Year”. 


We look forward to the successful future agricultural development in member 
countries of FAO. 
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ABSTRACT 


In Corchorus sidoides F. MurrrL @ x C. siliquosus L. 5, the pod set was 19.05 per 
cent. and the percentage of pod harvested (out of set pods) was 100 per cent All seeds 
of the cross pods were non-viable. 

In C. siliguosus L.® X C. sidoides F. MurLL. 5, the pod set was 8.7 per cent. and the 
percentage of pod harvested was 100. In this case the seeds were also non-viable. 

The genus Corchorus comprises species which are systematically widely related. The 
possibility of getting viable hybrids in this case is impossible because the phylogenetic 
relationship does not allow of getting viable seeds. A karyotypic study of these species 
will throw light on this aspect and breeders will then get a tool for handling this subject. 


INTRODUCTION 


A fair amount of genetical work was carried out in the past on the cultivated jute 
species (Corchorus olitorius LINN. and C. capsularis LINN.) by BURKILL and FiNLow 
(1907), FiNLow and BURKILL (1912), FinLow (1917, 1921, 1923), PATEL, GHOSE and 
Das GUPTA (1944), PATEL, GHOSE and SANYAL (1945), GHOSE, RAO and GHOSH (1947), 
GHOSE, RAO and KUNDU (1948), DAs GUPTA and SARMA (1954), etc. 

Previous workers after interspecific crossings between C. olitorius and C. capsularis 
failed to get any viable hybrid. PATEL, GHOSE and DAs GUPTA (1944) concluded that 
their “gene centres” are different; these species are phylogenetically widely related. 
PATEL and DATTA (1960) performed interspecific hybridization between different types 
(both wild and cultivated) of these two species and between various wild species of 
Corchorus on an extensive scale for three consecutive years (1953-55) to find out 
whether there are any seasonal differences which hamper successful crossings. They 
made crosses between C. aestuans (— C. acutangulus), C. olitorius wild, C. capsularis 
wild, C. trilocularis, C. tridens and C. siliquosus (all wild species) in various combina- 
tions (cf. their table 2) and observed pod-setting in some crosses. The percentage of 
pod-setting varied in several crosses including the reciprocal ones. A few seeds obtain- 
ed were empty, partially full or apparently normal. The percentages of these three 
types of seeds varied in reciprocals. The few normal-looking full seeds had under- 
weight when compared with the same number of selfed seeds from their respective 
female parents. This suggested underdevelopment of the seed tissues or embryo or/and 
endosperm. All seeds did not germinate the next season, i.e. they were non-viable. 
DATTA (1958, unpublished) also concluded from his genetical, cytological, geographi- 
cal and systematic data that the species which were found to be cross-incompatible are 
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phylogenetically wide apart. Last year DATTA and DANA (1960) crossed C. sidoides, a 
wild jute of Australia, with C. capsularis and C. olitorius (cultivated) with a view to 
getting a viable hybrid, in order to use it for bridge crossing to overcome the strong 
incompatibility barrier existing between the two cultivated fibre-producing jute species, 
but they failed to get any hybrid. When C. olitorius was crossed with C. sidoides, the 
pod-set was 29.4 per cent. and the pod harvested (out of set pods) was 20 per cent; 
however, all pods were empty, whereas when C. sidoides was crossed with C. olitorius 
reciprocally, the pod set was 26.8 per cent. and out of that 90 per cent. pod was har- 
vested. The single pod harvested yielded 4 empty seeds, 9 partially full seeds and 
apparently normal looking full seeds, which had, however, underweight, when compa- 
red with the same number of randomly taken bulked seeds of the female parent con- 
cerned. All seeds were non-viable. Pod-settings in C. capsularis versus C. sidoides and 
vice versa were 31 per cent. and 21 per cent. respectively and no pod remained till 
maturity. They concluded that these three species are phylogenetically distantly 
related. 

PATEL and DATTA (1960) also crossed C. siliguosus with C. olitorius (wild, light red) 
reciprocally, but there was not a single pod set (cf. their table 2). Similarly, they failed 
to get any pod set in case of crossing C. siliquosus with C. capsularis (wild, Kulkarni 
Grade 5) reciprocally. 

C. siliguosus LINN. is a wild perennial jute species of America. It is a natural poly- 
ploid (n — 14, Rao and DATTA, 1953). C. sidoides F. Murrr. is a wild diploid annual 
jute species of Australia with n — 7 (BASAK, 1958). 

Recently SHARMA and Roy (1958) have reported chromosome morphology of C. 
olitorius, C. capsularis and C. siliguosus and showed differences in the karyotypes of 
these three species. Karyotypes have been found to be the identifying characters for 
each species. As every species studied so far is characterised by a distinct karyotype of 
its own, the manifestations of morphological characters may be accounted for on the 
basis of this wide karyotypic differences. Incompatibility as reported in the present 
paper may be due to this genomic difference. 

As no crossing work was done previously between C. sidoides and C. siliguosus, they 
were crossed reciprocally last year (1958) with a view to getting a hybrid to be used in 
crossing with the cultivated jute species (C. olitorius and C. capsularis) in order to 
overcome the strong incompatibility barrier. 


MATERIALS AND METHODS 


Seeds of C. sidoides and C. siliguosus were obtained previously and the former also 
last year from Dr. W. HARTLEY, Principal, Plant Introduction Officer, Common- 
wealth Scientific and Industrial Research Organization (Division of Plant Industry), 
Canberra City, Australia. They were sown in pots and kept in the Department of 
Agriculture, Calcutta University, for further studies. 

Flowers were carefully emasculated in the previous afternoon with a finely pointed 
loose sterile forceps and bagged with cellophane paper bags. Much care and vigilence 
are necessary in emasculating the smaller flowers of C. sidoides. The next morning the 
bags were removed and after pollination the emasculated flowers were re-bagged and 
labelled. 
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One week after pollination the bags were removed and records were taken as to 
whether the flowers had set pods or fallen into the bags. Every set pod was then 
labelled. Each week the set pods were checked individually whether they still continued 


to grow or had fallen off. In these crosses the number of flowers pollinated, and the 
number of pods set and harvested were recorded. The cross pods were harvested after _ 


full maturity. The seeds were extracted pod-wise; they were then classified as to full 


and shrivelled (non-full) seeds and their percentages were calculated. Normal-looking 


full seeds when obtained were weighed and compared with the same number of seeds 
of their female parent taken randomly from the bulk of the selfed seeds. 


OBSERVATIONS 


The flowers of C. sidoides generally open between 9 and 10 a.m. and close between Ì 
and 2 p.m.. The flowers of C. siliguosus start opening at 1 p.m. and continue to do so 
till late afternoon; they close later at night. 

It has been observed in 1958 that after crossing C. sidoides and C. siliguosus the pod- 
set was 19.05 per cent. and all of the pods set were harvested after full maturity. In case 
of crossing C. siliguosus with C. sidoides the pod set was 8.7 per cent. and all of the set 
pods were harvested after full maturity. In the former case pods matured in 41 days. 


They were smaller in size and there were only 3 normal-looking full seeds (table 1). In _ 


the latter case the pods matured in 43-44 days (table 2). They were also smaller in size 
and contained only one normal-looking seed (cf. tables l and 2). 

As both C. sidoides and C. siliguosus are wild plants, a certain percentage of ovules 
are normally sterile and are aborted during development so that non-full seeds were 
obtained usually. 

It appears from table 1 that the majority of the cross-pollinated flowers fell off 
leaving only a few ovaries to mature into pods. 

In both cases the normal-looking seeds were small in number, i.e. 3 when C. sidoides 
PX C. siliquosus 3 were crossed and only 1 when crossed reciprocally. They were 
looking almost like normal selfed seed. It is interesting to note that the weights of 
crossed seeds in both cases were less when compared with those of selfed ones (table 1) 
taken at random from the female parent concerned. 

These normal-looking full seeds, though showing underweight, were sown in April, 
1959, in pots; however, none of them germinated. 

The average number of ovules per pod and the number of seeds per gramme of these 
two species are given below for comparison: 


TABLE 3. AVERAGE NUMBER OF OVULES AND NUMBER OF SEEDS OF C. sidoides AND C. siliguosus 


RES Average number of ovules | Number of seeds 
DEHIes in one pod | per gramme 
| 
C-STAOTMEN tar eN | 55 1893 
CESUIJLOSUS EE WE AAE NEET | 57 | 2210 
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DISCUSSION 


It has been noted by PATEL and DATTA (1960) and BANERJI and DATTA (1960) that in 
_eross-pollinated ovaries of both cultivated jute species C. olitorius and C. capsularis the 
rate of pollen tube growth down into the styles is slower than in case of self-pollination 
‚in both species. In both cross-pollinations only a few uppermost ovules were found to 
be fertilized, while the lower ones were seen to have collapsed. PATEL and DATTA (1960) 
first recorded that fertilization was in process in C. capsularis Q Xx C. olitorius & in 2 
days and in C. olitorius Q X C. capsularis & in 3-4 days after cross-pollination. In 
normal self-pollinations of both cultivated species, the fertilization process is first 
noticed in embryosacs 6 hours after pollination and triple fusion after 10 hours 
(BANERJI, 1932). In both the reciprocal crosses between C. olitorius and C. capsularis, 
BANERJI and DATTA (1960) observed that the fertilized egg maintains two distinct 
nucleoli of different sizes till 20 days and that the zygote does not divide until this time. 
Even the gametic fusion is sometimes withheld and unburst pollen tubes can be seen in 
the micropyles of the crossed ovules till this period. GANESAN, SHAH and SWAMINATHAN 
(1957) however stated that in both self-pollination of C. olitorius and cross-pollination 
of C. olitorius Q X C. capsularis 5 the pollen tube reaches the embryosac and dis- 
charges male nuclei between 24 and 72 hours and that fertilization takes place within 3 
days. The endosperm then starts dividing. In selfed material of C. olitorius endosperm 
divides rapidly and the initially free nuclear endosperm becomes cellular. The embryo 
reaches the heart-shape stage in 15-20 days. During the same period in C. olitorius © 
Xx C. capsularis & endosperm division is slow and only a few nuclei are found in thin 
strands below the pro-embryo. 

In 40 to 50 days globular and rarely heart-shaped embryos occur; the endosperm is 
poorly developed and largely free nuclear. The seeds are shrivelled whereas in 40 to 50 
days selfed C. olitorius seeds are mature containing a well differentiated embryo and 
cellular endosperm with many inclusions. They observed that endosperm has a 
different rate of growth in crossed material. The rate of nuclear division is slower and 
the tissue does not show any evidence of becoming clearly cellular. Adjacent maternal 
tissue appears to be better developed in comparison with the controls. They concluded 
that the abortion of the young seeds was attributable to an impaired capacity of 
growth of the endosperm, which itself in turn might be due to the tendency of the 
maternal tissue to develop excessively, thus supporting COOPER and BRINK’s (1940) 
theory of somatoplastic sterility recorded by them in many distant crosses (1947). 
PATEL and DATTA (1960) also pointed out that the production of underweighed non- 
viable normal-looking full seeds, partially full and empty seeds clearly indicate that 
there is some sort of difficulty in normal growth of embryo or/and endosperm. Appa- 
rently there is some disharmony between endosperm and embryo or any one of both of 
them with the maternal tissues which ultimately leads to the production of non-viable 
seeds. 

The main barriers in this interspecific hybridization appear to be: (1) The ineffì- 
ciency of most of the pollen tubes to grow rapidly and fertilize the majority of ovules, 
(2) the long delay in actual fertilization processes, (3) the failure of proper develop- 
ment of endosperm and proper embryo and (4) the failure of a few seeds (thus pro- 
duced) to germinate. The last one is termed “hybrid inviability” by STEBBINS (1950) and 
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this strongest barrier is considered to be one of the most widespread factors in the 
isolation of plant species. 


It is evident that the species of the genus Corchorus are widely related; that is why | 


successful hybridization is well-nigh impossible. Hybrid embryo culture or crossed 
ovary culture with or without hormones, auxins, chemicals, etc. should be tried to 
overcome this insurmountable genic incompatibility. Before venturing any breeding 
programme it is necessary to work out the detailed karyotypes of these species and the 
affinities, if any, from this aspect. 
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NOTES 


AWARDING OF THE BROEKEMA PLAQUE 


On the occasion of the late Prof. Dr. L. BROEKEMA’s retirement a “Broekema Fund” was created. 
This fund is destined for the advancement of field crop production and in particular to breeding 
varieties of field crops. It serves further research work to subsidize study trips abroad of students at 
the Wageningen Agricultural University and awards the Broekema plaque to persons who have 
achieved merit in the fieid of plant breeding. 

The first plaque was awarded in 1930 to Dr. L. BROEKEMA the breeder of Wilhelmina wheat (and 
also of Juliana wheat, which was to spread widely later on). In subsequent years the Broekema pla- 
que has been given to the following persons: H. W. KunN (1932), Dr. J. G. OORTWIJN BoTJEs (1938), 
Dr. R. J. MANSHOLT (1947), Dr. J. C. Dorsr (1947), Ir. C. KOOPMAN (1953) and P. J. HIJLKEMA 
(1953). 

On 20 December 1960 at a Meeting of the Netherlands Breeders Association the prize was awarded 
to the plant breeder A. R. ZwAAN, Voorburg. 


A. R. ZWAAN 


The plaque was presented by Mrs M. M. M. VAN DOBBEN-BROEKEMA, President of the Governors 
of the Broekema-Fund. She informed the assembly that the plaque had been awarded to Mr. A. R. 
ZWAAN for his many-sided and meritorious breeding work. 


pig 


NOTES 


The chairman of the Meeting, Prof. Dr. J. C. Dorst, congratulated Mr. A. R. ZWAAN on the dis- 
tinction and remarked that he had always been struck by Mr. ZwaAAN’s great knowledge about varieties. 
Undoubtedly Mr. ZwAaAN had obtained the remarkable results in his breeding work also because of 
this overall knowledge of the material with which he worked. 

Mr. ZWAAN (70 years old) memorized in his pithy reply the pleasant contacts with the late Prof. Ir. 
C. BROEKEMA (formerly Director of the Institute of Agricultural Plant Breeding at Wageningen) and 
was grateful having received the plaque from the hands of the latters’s daughter. 


EUCARPIA CONFERENCE ON ENVIRONMENTAL FACTORS IN THE DISTRIBUTION OF FRUITS VARIETIES 


This conference will be held at “Het Huis der Provincie”, Mârkt 11, Arnhem, the Netherlands, on 
April 27 and 28, 1961. 


Surveying work on local growth conditions and plant responses: 


Discussion leader: Mr. J. Soury 

Speakers: Mr. J. Soury, Pont de la Maye, France 

Mr. J. FLECKINGER, Versailles, France 

Dr. EF. WINTER, Bavendorf, West Germany 

Dr. CHR. HERRMANN, Weihenstephan-Freising, West Germany 
Dr. J. P. M. WoupeNBERrG, De Bilt, The Netherlands 


Analysis of causal relations: 


Discussion leader: Prof. Dr. F. HiLKENBÄUMER 

Speakers: Prof. Dr. F. HiLKENBÄUMER, Bonn, West Germany 
J. P. BRAAK, biol. drs., Wageningen, The Netherlands 

Dr. N. NyBom, Fjälkestad, Sweden 

Prof. Dr. A. PrsekK, Innsbruck, Austria 


This programmes are obtainable from the Institute of Horticultural Plant Breeding, P.O. Box 
16, Wageningen, The Netherlands. 


AGRONOMY JOURNAL 


This official organ of the American Society of Agronomy is now a bimonthly publication 
of up-to-date reports of general agronomic research. (It alternates with CROP SCIENCE, 
which carries reports of a more technical nature in crop breeding, genetics, and physio- 
logy). Workers in the fields of forages and pastures, crop improvement, cultural practices, 
soil fertility, and allied areas of investigation will find articles of lasting interest in 


AGRONOMY JOURNAL. 


Publication is open to members of the American Society of Agronomy. 


$ 12 per year, in U.S. and Canada; $ 13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


CROP SCIENCE 


Crop breeders, plant geneticists and physiologists, and workers in related areas will find 
CROP SCIENCE a source of valuable articles in the more technical aspects of agronomy. 
This new, bimonthly journal alternates with AGRONOMY JOURNAL, and carries 


reports of research in the genetics, physiology, ecology, breeding and management of field 


crops, turfgrasses, pastures and ranges, and in seed technology. It is published by the 


Crop Science Society of America. 


$ 12 per year in U.S. and Canada; $ 13 per year elsewhere 


AMERICAN SOCIETY OF AGRONOMY 


2702 Monroe Street 
Madison 5, Wisconsin, U.S.A. 


HORTICULTURAL 
ABSTRACTS 


A Quarterly Journal compiled by The Commonwealth Bureau of Horti- 
culture and Plantation Crops, East Malling, Kent, England, from world 
literature on research and progress in the cultivation of: 


TEMPERATE AND TROPICAL FRUIT, VEGETABLES, 
ORNAMENTALS AND PLANTATION CROPS 


Issued in March, June, September and December each year. 
Current Number Vol. 31, No. 1 


CONTENTS OF INDIVIDUAL NUMBERS 


1. Detailed List of Contents giving easy access to particular problems of 
individual crops. 


2. More than 1500 Abstracts or Notes of papers published in many 
languages on current research or progress in particular fields. Reviews 
draw attention to new-technical books of special interest. 


3. Author Index. 
INDEXES 


A comprehensive subject and author index, covered by the subscription, is issued 
yearly. In addition, composite indexes are available for 
Vols. 1-10, 11-15, 16-20, 21-25 and 26-30. 


Obtainable from 


Commonwealth Agricultural Bureaux, Farnham Royal, Bucks, England. 
Subscription per volume, including index, 70 s. or $ 9.80, separate parts or annual 
indexes 20 s. or $ 2.80, post free. 


SPECIMEN COMPLIMENTARY COPIES FROM THE COMMONWEALTH 
BUREAU AT EAST MALLING 


FIELD CROP ABSTRACTS 
AND 


HERBAGE ABSTRACTS 


These two quarterly journals, prepared by the Commonwealth Bureau of 
Pastures and Field Crops, are composed of abstracts in English from the world’s 
current scientific literature. Herbage Abstracts deals with grasslands and fodder 
crops while Field Crop Abstracts covers annual field crops. Both journals in- 
clude review articles on subjects of current interest, as well as informative ab- 
stracts dealing with crop husbandry, varieties, crop botany and the control 
of diseases, pests and weeds. 

For those engaged in agricultural research, or in advising farmers, these two 
journals offer a ready means for keeping in touch with current progress in agri- 
cultural research without the need for scrutinizing the mass of agricultural 
publications now appearing throughout the world in many languages—an im- 
possible task for an individual. The annual subject- and author-indexes to 
Herbage Abstracts and Field Crop Abstracts, dating from 1930 and 1948, res- 
pectively, form a valuable source of reference to past work. 

Each journal (with annual indexes) costs 50 shillings, or ® 7.00, per annum, 
post free. 


Specimen copies and further information can be obtained from: 


THE DIRECTOR 


COMMONWEALTH BUREAU OF PASTURES AND FIELD CROPS 
HURLEY, BERKSHIRE 
ENGLAND 


GENETICA AGRARIA 


A journal of “Genetics applied to Agriculture” edited by ““Centro di Gene- 


tica del Consiglio Nazionale delle Ricerche”-and “Società Italiana di 


Genetica Agraria’”, Pavia, Italy. 


The Journal is issued four times a year. Price per volume of about 400 pages 
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